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Welcome  to  INF  2 1 90. 

We  hope  you’ll  enjoy  your  study  of 
Telecommunications  I 


CTS  strands  were  designed  to  stand  alone  or  be  integrated  with  other  strands  for  a customized 
course  of  studies  to  meet  student  needs.  Through  each  strand,  CTS  basic  competencies 
(knowledge,  skills,  and  attitudes)  will  be  identified  as  follows: 


Communication 


Careers:  identify  appropriate  career 
linkages  within  the  strand  being 
studied 


Communication:  effectively 
present  concise  written,  visual,  and 
oral  communications 


Ethics:  make  judgements  about 
whether  behaviour  is  right  or  wrong 
on  personal,  community,  and  global 
levels 

Innovation:  recognize 
opportunities/problems  and  identify 
and  suggest  new  ideas 


Safety:  assess  potential  risks,  and 
follow  personal  and  environmental 
safety  procedures 


Task  Management:  demonstrate 
an  ability  to  locate  and  use  resources 
and  to  use  time  effectively 


Task  Management 


Teamwork:  work  towards  goals 
co-operatively,  collaboratively,  or 
independently,  and  acknowledge  the 
opinions  of  others 


Teamwork 


Technology:  effectively  use 
technology  when  required 


Technology 


These  basic  competencies  build  daily  living  skills  useful  in  a broad  range  of  future  endeavours 
and  careers. 

The  eight  icons  that  appear  here  indicate  to  students  and  facilitators  that  a basic  competency 
has  been  identified  in  the  activity  offered  to  the  students.  Not  all  of  the  icons  appear  in  each 
module. 


Resources 


• a notebook  or  binder  in  which  to  respond  to  the  questions  asked  in  this  Student 
Module  Booklet 

• a computer  workstation  with  an  Internet  connection  (mandatory) 

• your  local  library 

Note  that  you  may  be  required  as  part  of  this  course  to  do  outside  research  and  to  meet  with 
business  people  in  your  community. 

Visual  Cues 

In  addition  to  the  Career  and  Technology  basic  competencies  icons  described  earlier,  you 
may  find  visual  cues  throughout  the  Student  Module  Booklet  to  assist  you  in  your  studies. 
Read  the  following  explanations  to  discover  what  each  icon  prompts  you  to  do. 


This  icon  indicates  interesting  facts  to  know. 


a This  icon  indicates  that  you  will  need  to  search  for  information  to 

further  understand  the  concepts  taught  or  to  answer  the  questions.  Use 
the  Internet  for  your  search  whenever  possible;  you  may  also  use  your 
local  library  or  other  sources. 


Access  the  given  Internet  website  address. 


Remember  that  any  Internet  website  address  given  in  this  module  is  subject  to 
change. 


Information  Processing 


Prerequisite 


Recommended  Sequence  t Refer  to  specific  modules  for  additional  prerequisites 


Prerequisite  to  all  modules  in  this  strand,  providing  a strong  foundation  for  further  learning  in  this  strand 

Some  of  these  modules  may  not  yet  be  in  a distance  learning  format. 
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O-V-E-R-V-l-E-W 

0 n July  27,  1996,  the  most  anticipated  race  of  the  Summer  Olympic  Games  in  Atlanta,  Georgia, 
took  place — the  men’s  100-meter  dash.  Canada’s  very  own  Donovan  Bailey  shocked  the  world  and 
made  history  when  he  finished  the  race  in  9.84  seconds — a new  world  record.  Within  moments  of  the 
conclusion  of  the  race,  millions  of  people  around  the  world  knew  that  Donovan  Bailey  had  become 
the  world’s  fastest  human — a title  traditionally  given  to  the  winner  of  the  100-metre  dash  at  each 
Summer  Olympic  Games.  How  was  it  possible  for  the  whole  world  to  know  the  results  within 
moments  of  the  race? 

Telecommunication  devices  such  as  televisions,  telephones,  and  the  Internet  have  made  it  possible 
for  the  world  today  to  become  a global  community.  With  the  proper  equipment,  you  can  talk  to 
another  person  from  almost  anywhere  around  the  world,  or  you  can  pick  up  any  radio  broadcast  from 
around  the  world,  or  you  can  witness  news  as  it  occurs  (like  Donovan  Bailey’s  triumphant  victory) 
from  your  own  home.  Have  you  ever  stopped  to  think  how  many  different  forms  of  communication 
devices  are  used  today? 

In  this  module  you  will  examine  why  communication  systems  have  been  created  and  the  impact  that 
telecommunications  have  had  or  will  have  on  individuals  and  society.  You  will  identify  wired  and 
wireless  telecommunication  systems.  By  using  the  Internet,  you  will  investigate  communication 
principles,  bandwidth,  and  telecommunication  infrastructure. 
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. Section  I : 

Principles  of 
Communication 


Section  2:  Satisfying 
Communication  Needs 
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Assessment 


The  document  you  are  presently  reading  is  called  a Student  Module  Booklet.  It  will  show  you,  step 
by  step,  what  to  do  and  how  to  do  it. 

This  module,  Telecommunications  1,  is  worth  one  credit.  The  module  is  comprised  of  two  sections. 
Within  each  section,  your  work  is  grouped  into  activities.  Within  the  activities,  there  are  readings, 
explanations,  and  questions  for  you  to  work  through.  You  will  correct  these  activities  yourself  using 
the  Appendix  at  the  end  of  this  module.  These  suggested  answers  will  provide  you  with  immediate 
feedback  on  your  progress.  Each  activity  also  includes  suggested  topics  for  you  to  think  about  and 
discuss  as  you  work  through  the  activity.  You  may  discuss  these  topics  in  an  Internet  chat  forum  with 
other  students,  or  you  may  wish  to  discuss  them  with  a partner. 

A portion  of  your  grade  in  this  module  will  be  based  on  the  assignments  that  you  complete  for 
assessment.  There  is  one  assignment  after  each  section  and  a final  module  assignment.  The  mark 
distribution  is  as  follows: 


Section  1 Assignment 
Section  2 Assignment 
Final  Module  Assignment 


35  marks 
35  marks 
30  marks 


TOTAL  100  marks 


8SIS 


The  CTS  modules  are  competency  based,  which  means  that  you  must 
successfully  complete  each  section  to  receive  credit  for  the  module. 


In  addition,  you  might  also  be  required  to  complete  a final  test.  The  weighting  for  this  final  test  will 
be  determined  by  your  teacher. 

Strategies  for  Completing  a Module 

Organize  your  materials  and  work  area  before  you  begin:  Student  Module  Booklet,  notebook,  pens, 
pencils,  and  so  on.  Make  sure  you  have  a quiet  area  in  which  to  work,  away  from  distractions. 

Because  response  lines  are  not  provided  in  the  Student  Module  Booklet,  you’ll  need  a notebook  or 
lined  paper  to  respond  to  questions  and  complete  charts.  It’s  important  to  keep  your  lined  paper 
handy  as  you  work  through  the  material  and  to  keep  your  responses  together  in  a notebook  or  binder 
for  review  purposes  later. 

To  achieve  success  in  this  module,  be  sure  to  read  all  of  the  instructions  carefully  and  work  slowly 
and  systematically  through  the  material.  Remember,  it’s  the  work  you  do  in  this  Student  Module 
Booklet  that  will  prepare  you  for  your  assignments.  Try  to  set  realistic  goals  for  yourself  each  day; 
and  when  you’ve  set  them,  stick  to  them.  Do  your  assignments  regularly,  and  don’t  forget  to  review 
your  work  before  handing  it  in.  Careful  work  habits  will  greatly  increase  your  chances  for  success  in 
Information  Processing. 

Good  luck! 
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COURTESY  OF  VERMEER  SALES  & SERVICE,  EDMONTON 


Cameron  works  for  CableCom  Contracting,  a directional  drilling  company 
specializing  in  installing  underground  services  using  the  latest  in  trenchless 
technology  He  is  pulling  fibre-optic  cable  through  the  ground  for  use  by  each 
house  in  a developed  section  of  Edmonton. 

Fibre-optic  cable  is  telecommunications’  technological  wonder;  it  will  allow  people 
to  surf  the  Internet,  talk  to  friends  and  family  using  a videophone,  and  many  other 
forms  of  communication — present  and  future.  Fibre-optic  cable  is  one  example  of 
how  telecommunications  has  grown  since  the  days  of  the  telegraph  and  the  rotary 
telephone. 

In  this  section  you  will  learn  the  basic  elements  of  a communication  system.  You 
will  also  investigate  bandwidth  and  the  importance  of  bandwidth.  By  looking  at 
wired  technologies,  you  will  discover  how  telecommunications  has  grown  and  will 
continue  to  grow  to  meet  people’s  needs. 


SECTION  1:  Principles  of  Communication 


* SECTION 


ACTIVITY  1 


Basic  Elements  of  a 
Communication  System 
and  Bandwidth 


T 

message:  data, 
voice,  or  picture; 
sent  from  the 
sender  through 
the  medium  to  the 
receiver 


Installing  fibre-optic  lines  has  been  an  important  step  in 
the  growth  of  telecommunications.  However,  in  order  to 
understand  the  high-tech  communication  delivery 
systems  of  today  and  in  the  future,  you  need  to 
understand  the  concepts  behind  telecommunication 
systems. 


In  this  activity  you  will  learn  about  the  basic  elements  of  a communication  system, 
the  effects  of  noise,  the  telegraph,  and  how  bandwidth  affects  information  transfer. 


sender:  the 

person  or  device 
wishing  to 
communicate  or 
send  a message; 
input 

medium:  the 

channel  (wire, 
cable,  air,  etc.) 
that  the  message 
travels  through 

receiver:  the 

person  or  device 
that  receives  the 
signal  from  the 
sender;  output 

noise:  sound  that 
interferes  with 
the  transferring  of 
the  information 
from  the  sender  to 
the  receiver 

filter:  a device 
used  to  reduce 
noise  interference 
and  increase  the 
quantity  of 
accurate 
information 
transmitted  in  a 
given  time  period 


Many  Canadian  families  immigrated  from  Europe  in  the  early  1 900s. 

How  did  they  communicate  with  their  European  relatives?  What  choices  did  they  have? 


critical  factor? 


Basic  Elements  of  a Communication  System 


All  systems  have  elements  that  work  together  to  achieve  a certain  goal.  A 
communication  system  is  no  exception.  A communication  system  has  five  basic 
elements  that  work  together  to  achieve  a certain  goal — sending  and  receiving  a 
message. 


The  basic  elements  are  as  follows: 

• message  (signal) 

• receiver  (output) 

• sender  (input) 

• noise 

• medium 

A message  is  sent  from  the  sender,  through  a medium,  to  the  receiver.  Both  the 
sender  and  the  receiver  must  be  ready,  using  compatible  equipment  and 
languages/protocols.  During  transmission  of  the  message,  a filter  is  used  to 
reduce  noise  interference  and  increase  the  quantity  of  accurate  information  in  a 
given  period  of  time. 
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SECTION  1:  Principles  of  Communication 


1.  Do  you  remember  ever  constructing  or  operating  a tin-can  telephone  system? 


Make  a tin-can  telephone  system,  and  experiment  with  different  lengths  and 
types  of  carrier  mediums  (dry  string,  wet  string,  waxed  string,  bare  wire, 
coated  wire,  etc.).  Give  your  results  in  a chart  like  the  one  given. 


Message 

Sent 

Medium 

Used 

Noise 

Detected 

Filter 

Used 

Message 

Received 

string 

wet  string 

waxed  string 

bare  wire 

coated  wire 

tin  can 

plastic 

container 

Compare  your  responses  with  those  in  the  Appendix,  Section  h Activity  I. 


The  Effects  of  Noise 


▼ 

background 
noise:  noise  in 
the  room  that 
could  interfere 
with  your  ability 
to  receive  (hear) 
signals  clearly 

▲ 


In  any  communication  system  there  are  forces  that  distort  the  signal.  These  forces 
are  known  as  noise.  Noise  can  be  in  several  forms.  For  example,  when  using  a 
telephone,  background  noise  is  one  such  type  of  noise. 


SECTION  1:  Principles  of  Communication 
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Look  at  the  following  illustration  to  see  how  noise  can  interfere  with  being  able  to 
clearly  receive  signals. 


▼ 

magnetic  field: 

the  magnetic 
force  given  off  by 
electrical  devices, 
such  as  an 
electric  motor  or 
electromagnet  in 
a speaker 


Electrical  devices  (such  as  electric  motors  and  the  electromagnets  in  speakers)  or 
electrical  phenomena  (such  as  thunderstorms)  that  give  off  strong  magnetic 
fields  near  the  medium  used,  may  interfere  with  signals  being  sent  or  received. 


The  Telegraph 


Samuel  Morse,  an  American  inventor 
and  artist,  was  credited  with 
inventing  the  telegraph  and  Morse 
code  over  a hundred  years  ago.  The 
telegraph  was  the  first 
telecommunication  device  to  use 
electrical  circuits  to  transmit  messages 
over  long  distances.  It  permitted  people  to 
transmit  messages  quickly  and  efficiently  over 
great  distances.  The  code  that  Morse  developed  to 
send  signals  over  the  wire  medium  is  similar  to  the  digital  code  used  today. 


Test  your  search  skills.  Remember,  when  you  are  directed  to  do  a search  within  an 
activity,  you  are  not  always  directed  to  a specific  location.  The  choice  is  up  to  you. 
You  may  want  to  begin  with  a search  on  the  Internet,  or  you  may  want  to  go  to 
your  nearest  library. 


You  may  want  to  use  the  following  topics  in  your  search  for  information: 


• telegraph 


• Samuel  Morse 


• Morse  code 

• early  companies  involved  with  the  development  of  the  telegraph,  such  as  the 
Western  Union  Company  and  AT&T 
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SECTION  1:  Principles  of  Communication 


For  additional  research,  try  the  following  URLs: 

• http :// www.  invent,  org/book/book- text/  7 6 . html 

• http  ://www.  compulink.  co  .uk/ -wester  nunion/wu  1 m . htm 

2.  What  was  the  first  message  Samuel  Morse  transmitted  over  the  telegraph? 

3.  Why  was  the  telegraph  developed,  and  what  were  the  limits  to  the  telegraph 
system? 


Compare  your  responses  with  those  in  the  Appendix,  Section  i:  Activity  I. 


Bandwidth 


▼ 

bandwidth:  the 

amount  of  data 
that  can  move 
through  a 
medium 


The  width  of  a road  is  one  of  the  main  factors  in 
determining  the  number  of  vehicles  that  can  travel 
it  in  a given  amount  of  time.  What  do  you  think 
bandwidth  does?  Think  of  a pipeline.  When 
designing  a pipeline,  what  would  you  do  to  increase 
the  flow  or  volume  of  fluid  that  can  be  delivered? 


The  bandwidth  of  the  pipeline  is  determined  by  the 
diameter  of  the  pipe  and  the  pressure  pushing  the 
fluid  through  the  pipe.  The  bigger  the  diameter  and 
the  greater  the  pressure,  the  greater  the  volume 
(bandwidth)  of  fluid  that  can  be  delivered.  Communication  bandwidth  is  not 
related  to  the  diameter  of  the  medium  but  to  the  amount  of  information  that  can 
pass  through  it  in  a given  amount  of  time. 


Increased  bandwidth  can  be  obtained  by  increasing  the  speed  of  the  transmission 
or  by  increasing  the  amount  of  data  that  can  be  transmitted  at  one  time.  The  speed 
can  be  increased  by  improving  the  type  of  medium  (wire  to  fibre-optic  cable).  The 
amount  of  data  that  can  be  transmitted  can  be  increased  by  using  data  compression 
techniques  that  pack  more  information  into  the  packets  and  then  decompress  the 
data  when  it  is  received. 


SECTION  1:  Principles  of  Communication 
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Limits  to  Bandwidth 


A person  may  have  a very  big 
bandwidth — he  or  she  can  talk  loudly 
and  clearly  so  that  the  message  is 
heard,  and  the  person  can  talk  very 
quickly  so  that  a lot  of  information  is 
transferred.  Talking  quickly  is 
effective  only  if  the  person  listening 
can  receive  the  information  at  the 
same  speed.  The  same  is  true  with 
electronic  communication. 


Sending  a Morse  code  message  quickly  is  effective 
only  if  the  receiver  can  decode  and  understand  at 
the  same  speed.  The  telegraph  system  used  only 
one  wire  and  the  ground  as  its  medium.  This 
limited  its  bandwidth  to  the  slowest  speed  of  either 
the  sender  or  the  receiver.  Increasing  the  length  of 
the  telegraph  wire  also  increased  the  noise.  Operators  would  then  have  to  slow 
down  their  sending  rate  to  communicate  their  messages  effectively.  This  had  the 
effect  of  reducing  the  bandwidth  of  the  system. 


The  bandwidth  is  limited  by  the  poorest  link  in  the  circuit.  For  example,  if  there  is 
a kink  in  a pipeline,  the  fluid  slows  down.  The  following  are  examples  of  poor  links 
in  a circuit  that,  in  effect,  reduce  the  bandwidth  of  communication: 

• Excessive  noise  in  a room  hampers  your  ability  to  hear  someone  talking  to 
you. 

• Not  being  able  to  decode  a Morse  code  message  at  the  rate  that  it  is  being 
sent  prevents  you  from  receiving  the  entire  message  at  the  rate  it  is  being 
sent. 

• An  unshielded  electrical  motor  near  your  telecommunication  equipment  can 
cause  noise,  which  can  interfere  with  the  communication  signals,  thus 
preventing  you  from  receiving  the  message. 

How  to  Increase  the  Bandwidth 

There  are  several  ways  that  bandwidth  can  be  increased.  Changing  the  technology, 
by  increasing  the  number  of  wires  or  the  speed  of  transmission,  for  example,  can 
increase  the  bandwidth.  Often,  the  bandwidth  of  the  medium  may  be  large,  but  the 
ability  to  maximize  the  bandwidth  is  limited  by  noise.  By  improving  the  filtering 
technology  or  the  quality  of  the  filtering  technology,  you  reduce  the  noise  on  the 
medium,  allowing  the  signal  to  be  transmitted  and  received  at  a faster  rate. 
Improving  the  quality  or  technology  of  the  sender’s  equipment  or  the  receiver’s 
equipment  will  also  improve  the  bandwidth. 


SECTION  1:  Principles  of  Communication 


Increasing  the  bandwidth  also  affects  the  type  of  information  that  can  be 
transmitted.  Simple  data,  like  Morse  code  pulses,  take  up  a narrow  bandwidth. 
Transmitting  voice  requires  a lot  more  bandwidth. 

4.  Why  does  it  take  a greater  bandwidth  to  transmit  voice  than  telegraph? 


Compare  your  response  with  the  one  in  the  Appendix,  Section  I : Activity  I. 


In  this  activity  you  have  learned  the  basic  elements  of  a communication  system 
and  some  of  the  history  of  the  telecommunication  industry.  You  know  that 
messages  communicated  from  a sender  to  a receiver  are  influenced  by  several 
factors,  such  as  noise  and  filters.  You  also  learned  that  the  bandwidth  of  a 
telecommunication  system  determines  the  type  and  amount  of  information  that  can 
be  transmitted. 


ACTIVITY  2 


Wired  Telecommunication 
Systems 

Dan  and  Judy  are  reviewing  the  final  plans  for  their  company’s  annual  campout,  but 
a bear  sighting  means  that  they  must  find  a new  site  for  the  campout. 


Marlee,  who  has  just  delivered  the  bad  news,  says,  “Don’t  worry,  I have  a list  of  all 
of  our  group.  We’ll  split  up  the  list  and  contact  them  before  they  leave  tomorrow 
morning  for  the  campsite.” 

“But  how  are  we  going  to  get  hold  of  them  all?  What  if  they’re  not  home?”  moaned 
Dan. 


SECTION  1:  Principles  of  Communication 
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“Most  people  have  fax  machines  or  answering  machines  on  their  phones,”  Marlee 
reminded  him.  “The  only  person  I’m  worried  about  getting  hold  of  is  Joe  Sinchuk. 
The  only  communication  technology  he  uses  is  Canada  Post!  He  doesn’t  even  have 
a rotary  phone.  We’ll  have  to  leave  a sign  for  him  at  the  first  camp.  Make  sure  to 
make  it  large  enough  so  he  doesn’t  have  to  get  out  to  read  it.  We  wouldn’t  want 
him  to  get  eaten  by  a bear!” 

In  this  activity  you  will  look  at  the  development  of  different  technologies  that  use 
the  following  wired  telecommunication  systems: 

• telephones  • telephone  switchboards 

• teletypewriters  • facsimile  machines 


Communicoiiiin 


‘hink  About  and  Discuss 

s-  { 1 CSk,  ^ t | ^ 1 8§g 

• Telephones  have  changed  people’s  lives  considerably.  Rural  Canadians  were  grateful  to 
have  “party  lines”  even  though  they  were  shared  by  several  families.  In  eariier  days,  as 
many  as  sixteen  families  were  known  to  share  a line,  and  by  the  1960s  and  1970s  it  was 
down  to  two  to  four  families  sharing  a line. 


• After  getting  single  lines,  the  trend  became  to  add  more  tele 
and  to  each  office.  What  were  the  trends  that  followed  this? 

• Discuss  the  advantages  of  the  teletypewriting  system,  partici 
with  hearing  impairments. 

; 

• What  were  the  advantages  of  the  facsimile  machine?  What  a 
associated  with  this  technology? 


• Using  your  computer  and  modem  manuals,  recor 
communication  software.  Be  prepared  to  discuss 


Development  of  the  Telephone  System 

The  development  of  the  telegraph  was  significant,  but  the  development  of  the 
telephone  system  changed  people’s  lives  incredibly. 


Search  the  following  topics  to  find  out  about  the  important  pioneering 
developments  that  provided  the  foundation  of  today’s  telephone  system: 

• Alexander  Graham  Bell  • telephones 

• Thomas  Edison  • your  provincial  phone  company 

• telephone  history  • AT&T  (Bell  Telephone  Company) 


When  you  have  finished  collecting  your  information  and  organizing  your  notes,  do 
the  following  questions. 
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1.  In  the  development  of  the  telephone,  several  names  are  mentioned:  Charles 
Bourseul,  Johann  Philip  Reis,  Alexander  Graham  Bell,  and  Thomas  Edison. 
Summarize,  in  point  form,  what  each  person  contributed. 


Compare  your  responses  with  those  in  the  Appendix,  Section  1:  Activity  2. 


Improving  Telephone  Technology  by  Increasing  Bandwidth 

The  technology  of  the  original  telephone  system,  developed  by  Alexander  Graham 
Bell  (Bell  Telephone  Company)  and  Thomas  Edison  (Western  Union  Company), 
has  not  changed  very  much  over  the  past  hundred  years.  You  will  discover  that  the 
elements  of  a communication  system  helped  develop  the  telephone  system. 

3.  Identify  the  following  parts  of  a typical  communication  system  (sender, 
medium,  noise  sources,  filters,  and  receiver)  on  the  telephone  system 
developed  by  Bell  and  improved  by  Edison’s  transmitter.  You  probably  have 
already  collected  enough  information  from  your  previous  search  to  answer  this 
question. 

4.  Explain  how  each  telephone  component  aids  in  increasing  or  limiting  the 
bandwidth  of  the  phone  system  compared  to  the  telegraph  system. 


Compare  your  responses  with  those  in  the  Appendix,  Section  I:  Activity  2, 


Alexander  Graham  Bell 


2.  What  did  Alexander  Bell  say  in  the  first  telephone  message? 


I I 
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Teletypewriters  and  Switchboards 


The  development  of  the  telephone 
system  provided  opportunities  for  the 
development  of  other  telecommunication 
technologies,  including  teletypewriters, 
switchboards,  and  computerized 
switching. 

Teletypewriters  permit  printed 
messaging  systems  to  be  constructed  by 
connecting  a typewriter  to  a phone  line. 

Outgoing  messages  can  be  typed  on  the 
keyboard.  These  can  be  sent  through  the 
phone  lines  to  any  teletypewriter  on  the 
system.  Incoming  messages 
automatically  print  out  on  the  roll  of 
paper  attached  to  the  typewriter. 

Common  uses  for  teletypewriter 
technology  are  for  Telex  news  wire 
services  (such  as  Canadian  Press)  and  for  allowing  people  with  hearing  or  speech 
impediments  to  communicate  over  phone  lines.  Baud’s  code  is  used  to  transfer 
messages. 

Search  the  following  topics  to  find  out  about  teletypewriter  developments: 

• teletypes  • Telex  • Canadian  Press 

• teletypewriters  • Western  Union  • Stentor  Canada 

5.  Which  two  companies  capitalized  on  the  early  teletypewriter  technology? 

6.  a.  How  does  the  Telex  news  service  work? 

b.  How  has  the  Telex  been  replaced  by  computer  networks? 

7.  a.  What  are  the  names  of  the  companies  that  make  up  the  membership  of 

Stentor  Canada? 

b.  List  some  of  the  advantages  the  Stentor  companies  have  in  working  as  a 
group. 


Compare  your  responses  with  those  in  the  Appendix,  Section  i : Activity  2. 


Further  Increases  to  the  Bandwidth  of  the  Telephone  System 

To  meet  people’s  needs  and  demands,  telecommunication  technology  has 
constantly  been  improved  to  reduce  costs  and  increase  speed  of  information 
transfer.  As  the  technology  gets  better,  the  distance  over  which  communication 
networks  can  effectively  operate  can  increase. 
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Computer  technology  in  switchboards  has  allowed  people  to  select  a signal  path 
quicker,  and  a technique  called  multiplexing  has  given  people  the  ability  to 
maximize  the  use  of  the  bandwidth  available  by  allowing  many  conversations  to 
occur  simultaneously  on  the  same  channel. 


▼ 

multiplexing:  a 

process  that 
permits  more 
than  one  message 
to  be  sent  at  one 
time  through  a 
medium 


T 


proprietary 
protocols:  the 

set  of  rules 
governing  the 
operation  of  a 
communication 
system  where  the 
owner,  through 
the  legal  right  of 
possession,  has 
control 


Special  protocols,  such  as 
packet  switching,  allow  for 
greater  speed  and  more 
security.  These  advances  have 
opened  up  the  phone  system 
to  many  new  types  of  data. 

One  example  is  using  a 
facsimile  machine,  which  uses 
the  phone  system  to  transfer 
text  and  graphics. 


Search  for  information  about  multiplexing,  bank  packet  routing,  and  credit-card 
packet  routing. 

8.  Explain  how  multiplexing  works. 

9.  Describe  the  difference  between  a bank  packet  routing  and  a credit-card  packet 
routing. 


Compare  your  responses  with  those  in  the  Appendix,  Section  I : Activity  2. 


Facsimiles 


standard 
protocols:  the 

regular  or 
standard  set  of 
rules  governing 
the  operation  of 
functional  units 
of  a 

communication 
system  that  must 
be  followed  if 
communication  is 
to  be  achieved 

A 


The  facsimile  machine  (or  fax  machine) 
enables  pictures  and  text  to  be  sent  over 
telephone  lines  to  a receiver  to  be  printed 
out.  The  first  fax  machines  were  expensive, 
slow,  and  used  proprietary  protocols. 
Later,  the  prices  dropped,  speed  increased, 
and  standard  protocols  were  established. 
Computer  programs,  combined  with  fax- 
enabled  modems,  are  also  available  to  send 
and  receive  faxes. 
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10.  Search  to  find  more  information  about  the  facsimile  machine.  Describe  the 
two  main  parts  of  a fax  machine  and  the  function  of  each  part. 

11.  Use  a fax  machine  to  send  messages  to  a friend  or  business  and  receive 
replies.  For  example,  send  a musical  suggestion  to  a local  radio  station  and 
request  that  they  fax  you  a listing  of  the  top  hits  of  the  week.  Keep  a copy  of 
your  faxes  as  you  may  want  to  include  them  in  your  final  module  project. 

a.  Did  you  have  to  encode  your  message  in  any  way  before  entering  it  in  the 
fax  machine  or  decode  the  fax  message  after  receiving  it? 

b.  What  were  the  costs  associated  with  the  faxes? 


12.  Additional  features,  such  as  computer  scanning  and  copying,  are  available  on 
some  fax  machine  models.  Compare  the  features  on  several  models  and 
complete  a chart  like  the  following  to  show  your  comparison.  An  example  has 
been  done  for  you. 


Facsimile  Machine  Comparisons 


Fax 

Machine 

Brand 

Model 

Number 

Price 

Sending  Speed 
(page  per  minute) 

Capacity  of 
Paper  in  Feed 
Tray 

Paper 

Type 

Other 

Features 

XYZ 

TI234 

$1256.00 

5 p/m 

500  sheets 

plain 

paper 

• up  to  1 2 
stored 
pages 

• delayed 
sending 

• auto 
dealing 

Compare  your  responses  with  those  in  the  Appendix,  Section  I : Activity  2. 
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In  this  activity  you  examined  the  advancing  technologies  related  to  the  telegraph 
and  telephone  systems.  Teletypewriters,  telephones,  telephone  switchboards,  and 
facsimile  machines  all  contributed  to  the  advancement  of  our  telecommunication 
systems  by  expanding  the  bandwidth  of  information  transfer. 


ACTIVITY  3 


Merging  Wired 
Technologies 


The  job  of  three  technicians  was  to  dismantle  the  copper  wire  that  had 
serviced  that  community  many  years. 

As  they  were  discussing  this  assignment,  one  technician  turned  to  the  other,  “Hey, 
Bill,  have  you  ever  worked  with  that  new  fibre-optic  stuff?” 

“Yes.  I completed  the  company  upgrade  course  last  month.  Boy,  you  sure  have  to 
be  careful  when  you’re  working  with  that  stuff.  One  slip  and  you  can  really  mess  it 
up.  You  can’t  just  re-solder  it  like  copper  wire,  Dawn.” 

“Yeah,  that’s  for  sure.  But  I guess  we  have  to  learn  all  about  it  because  it’s  the  way 
of  the  future.  I’m  taking  that  same  course  next  month.  Then  I want  to  take  the 
advanced  course  with  the  Stentor  system  designers  at  the  Northern  Telecom  plant 
in  Saint  Laurent,  Quebec.” 

This  activity  serves  as  a basic  review  of  computers  and  an  overview  of  networks. 
You  will  learn  about  early  computers,  terminals,  and  modems;  advances  in  wire 
and  cable  technologies;  and  inter-computer  communication  systems. 
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▼ 

main-frame 
computer:  a 

computer  that  is 
used  by  more  than 
one  person  at  a 
time,  is  at  more 
than  one  location 
at  a time,  and 
runs  more  than 
one  program  at  a 
time 


Think  About  and  Discuss 


• Modems  have  allowed  computers  to  be  connected  over  phone  lines.  Consider 
kind  of  information  transfer  might  occur  when  the  following  businesses  use 
this  technology: 

- local  offices,  where  the  head  office  is  in  another  province 

- a publishing  business  that  contracts  out  the  layout  and  graphics 

- stores  that  have  to  get  merchandise  from  various  warehouses 

- 

What  other  examples  can  you  come  up  with? 


Discuss  when  you  would  use  each  of  the  following  networks:  peer-to-peer.  Ether 
token-ring,  LANs,  and  WANs.  Discuss  the  advantages  and  disadvantages  of  each. 

....  . ' .......  . ..............  ..  .......  ........ 


Computers, Terminals,  and  Modems 

The  first  commercial  main-frame  computers  were  very  large,  costly,  and  could 
only  be  used  for  one  application  at  a time.  Terminals  and  improvements  in  the 
operating  system  permitted  the  use  of  computers  by  more  than  one  person  at  a 
time.  By  adding  modems,  the  terminals  could  be  connected  to  the  computers  over 
telephone  lines.  The  merging  of  these  three  technologies  advanced  the  scope  of 
telecommunications. 


terminal : the 

input/output 
device  for  a 
central  computer 

modem:  a device 
that  converts 
digital  data 
output  into  a 
series  of  analog 
tones,  and  vice 
versa 

▲ 


▼ 

baud  rate:  the 

transmission  rate 
of  data,  usually 
bit  per  second 

▲ 


Search  to  find  information  about  the  following  topics:  modems,  Carterfone, 

Bell  103,  Bell  212a,  and  Hayes  Smartmodem™.  Use  the  following  questions  as  a 
guide  for  collecting  information. 

1.  How  does  buying  a modem  with  a higher  baud  rate  increase  the  bandwidth  of 
your  computer’s  communication  system? 

2.  A 28.8  modem  does  not  always  communicate  at  a 28  800  baud  rate.  What  are 
the  factors  that  limit  the  information  retrieval  speed?  Search  previously  used 
sites  to  find  the  answer. 


Compare  your  responses  with  those  in  the  Appendix,  Section  I : Activity  3. 
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Advances  in  Cabling 


Advances  in  wire  and  cable  technologies 
merged  with  telecommunications  to 
improve  the  bandwidth  from  just  two 
conversations  per  pair  of  wires  to 
thousands  of  simultaneous  conversations 
through  the  same  fibre-optic  cable. 

The  following  types  of  wires  and  cables 
are  important  in  telecommunications: 

• Telephone  wire  comes  in  several 
levels  of  capacity,  which  will  give 
improved  levels  of  bandwidth 
(including  unshielded  twisted  pairs, 

Ethernet  cables,  token-ring  cabling, 
and  shielded  twisted  pairs). 

• Twisted  pair  wiring  results  when 
each  wire  in  the  pair  is  twisted  around  the  other.  There  is  less  likelihood  that 
there  will  be  any  electrical  interference  (electrical  noise)  between  them. 

• Shielded  twisted  pairs  consist  of  a metallic  foil  wrapped  around  one  of  the 
pairs  of  the  insulated  wires  to  prevent  electrical  interference  between  them. 
The  foil  is  grounded  to  remove  any  stray  signals  that  could  cause  noise. 

• Coaxial  cables  have  two  conductors  separated  by  an  insulator.  They  permit 
greater  bandwidth  without  interference.  Having  greater  bandwidth  led  to  the 
transmission  of  television  signals  through  wires.  The  wireless  system  with 
antennae,  which  was  used  prior  to  coaxial  cables,  was  very  inefficient.  The 
cable  television  system  increased  the  quality  of  the  signals  delivered  and  the 
number  of  channels  that  could  be  delivered. 

• Fibre-optic  cables  and  lasers  are  used  together  to  communicate  digital 
information.  This  system  is  very  efficient.  Little  noise  is  present  in  the 
system  to  distort  the  signal.  The  fibre  strands  used  as  the  medium  are  very 
fine  (diameter  of  a hair) , so  many  can  be  bundled  together  in  the  same  space 
that  a regular  copper  cable  would  take.  The  signals  can  also  be  multiplexed  to 
greatly  increase  the  number  of  signals  that  can  be  transferred  at  one  time 
through  each  of  the  strands.  The  components  of  a fibre/laser  communication 
system  are  the  signal,  the  sender,  the  medium,  the  filter,  and  the  receiver. 

The  high-frequency  light  photons  are  capable  of  transmitting  more  signals 
faster  than  copper  wires  or  coaxial  cables.  Two  fibre-optic  cables  are  used  at 
a time — one  cable  for  sending  messages  in  each  direction. 
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Fibre-optic  cables  are  not  affected  by  magnetic  fields  from  motors, 
transformers,  other  wires,  or  cables  nearby  as  are  copper  wires.  Fibre-optic 
cables  do  not  carry  electricity;  therefore,  they  can  safely  be  used  to  transfer 
information  in  areas  where  the  danger  of  electrical  sparks  are  a problem, 
such  as  in  gas  plants,  mines,  and  explosives  plants.  It  is  also  harder  to  detect 
the  presence  of  cable  or  to  steal  a signal  from  a fibre-optic  cable;  so  security 
of  the  transmitted  message  is  improved. 

The  main  disadvantage  of  fibre-optic  communication  systems  is  their  cost. 
The  glass  fibre  cables  are  getting  cheaper;  but  the  senders,  receivers,  and  the 
detector/repeaters  are  still  very  expensive.  Technology  has  been  improving. 
The  distance  that  can  be  obtained  without  having  to  install  a detector/ 
repeater  has  greatly  increased. 

Other,  more  recent  mediums  that  contribute  to  communication  include 
communication  lasers,  laser  detectors,  and  repeaters.  You  may  wish  to  research 
these  on  your  own. 

3.  How  does  the  communication  medium  (wire  or  cable  type)  improve  the 
bandwidth  by  helping  to  filter  out  noise?  Review  the  information  you  have 
collected  to  find  this  answer. 


Compare  your  response  with  the  one  in  the  Appendix,  Section  I : Activity  3. 

Computer  Network  Cabling 

As  the  telephone  communication  networks  improved,  the  inter-computer 
communication  systems  improved  as  well — from  small  to  medium  to  large 
interconnecting  networks. 

Types  of  Computer  Networks 

There  are  many  different  types  of  computer  networks.  Each  has  its  advantages  and 
disadvantages. 

• Peer-to-peer  networks  are  used  when  only  a few  computers  need  to  be  linked 
together  to  share  a printer  and  files.  A networking  program  (such  as 
Lantastic)  is  used  to  facilitate  the  operation  of  the  network. 
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• Ethernet  networks  can  use  a configuration  that  has  a central  switching  hub 
with  a number  of  computers  all  connecting  to  the  hub.  A server  or  bridge  to 
other  networks  may  also  be  connected  to  this  central  switch.  The  Ethernet 
protocol  allows  each  computer  to  request  a data  download  or  upload,  but  only 
one  at  a time.  If  two  computers  were  to  request  data  at  exactly  the  same  time, 
both  requests  would  be  sent  back  and  they  would  have  to  re-apply.  Each 
computer  and  device  within  the  network  must  be  equipped  with  an  Ethernet 
card.  The  card  is  the  physical  connection  between  the  computer  and  the 
network  cabling. 


• Token-ring  networks  are  networks  laid  out  in  a ring  configuration.  Each 
computer  is  connected  to  the  one  next  to  it,  and  the  last  one  in  the  line  is 
connected  back  to  the  first.  A server  or  bridge  to  other  networks  may  also  be 
connected  in  this  ring.  The  token-ring  protocol  requires  that  a computer 
request  a software  “token”  to  attach  to  its  request  for  data.  The  token  travels 
around  the  ring  in  one  direction  looking  for  a computer  in  the  ring  that  needs 
its  services,  delivering  requests,  or  returning  data.  All  this  happens  at  very 
high  speeds  so  that  a computer  does  not  have  to  wait  more  than  a fraction  of 
a second  for  a free  token.  Each  computer  and  device  within  the  network  must 
be  equipped  with  a token-ring  card.  The  card  is  the  physical  connection 
between  the  computer  and  the  network  cabling.  The  token-ring  network  is 
mainly  an  IBM  system. 
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• Local  Area  Networks  (LANs)  are  usually  located  in  one  building  and  may 
consist  of  several  small  networks  linked  together.  The  small  networks  may  be 
of  the  same  type  or  a combination  of  types.  A large  computer  server  may  act 
as  a central  control  centre  and  storage  area;  or,  each  network  within  the  LAN 
may  have  its  own  server,  and  the  LAN  may  exist  just  to  enable  the  sharing 
between  the  networks.  The  main  function  of  a LAN  is  to  share  information 
and  resources,  like  printers  and  file  servers.  Computers  within  the  networks 
may  or  may  not  have  hard  drives  (terminals) . The  protocol  programs  control 
the  transfer  of  data  between  the  networks  and  the  individual  computer.  Novell 
and  Microsoft  NT  Server™  are  examples  of  two  network  software-protocol 
packages  commonly  used  with  LAN  systems. 


• Wide  Area  Networks  (WANs)  are  similar  to  LANs,  but  usually  extend  to  other 
buildings  and,  in  some  cases,  to  other  places.  The  networks  may  be  wired 
together;  but,  in  some  cases,  the  links  include  laser  beams,  microwaves,  and/ 
or  radio  waves.  (These  will  be  covered  in  Section  2.)  The  main  function  of  a 
WAN  is  to  share  information  and  resources,  like  printers  and  file  servers. 
Computers  within  the  network  may  or  may  not  have  hard  drives  (terminals) . 


▼ 

Internet:  an 

open-to-the-public 
network  of 
computer  servers 

A 


4.  What  kind  of  network  is  the  Internet? 

5.  What  are  intranets  and  extranets? 

Compare  your  responses  with  those  in  the  Appendix,  Section  I : Activity  3. 
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Types  of  Cables  and  Connectors 

Each  type  of  network  requires  specific  types  of  cables  and  connectors.  The 
medium  used  to  connect  computers  in  networks  can  include  the  following: 

• Phone  wires  (twisted  pairs)  are 
copper  wires  coated  with  a plastic 
insulating  material.  They  are 
usually  bundled  in  two  pairs.  One 
phone  requires  only  two  wires.  The 
extra  pair  is  often  not  used.  By 
twisting  each  wire  in  the  pair 
around  the  other,  there  is  less  likelihood  that  there  will  be  any  electrical 
interference  (electrical  noise)  between  them.  The  connector  used  is  an  RJ-45 
connector. 


• Shielded  twisted  pairs  have  metallic  foil  wrapped  around  one  of  the  pairs  of 
insulated  wires  to  prevent  electrical  interference  between  them.  The  foil  is 
grounded  to  remove  any  stray  signals  that  could  cause  noise.  It  uses  an  IBM 
token-ring  connector. 


• Coaxial  cable  has  a copper  wire  in  the  centre.  It  is  heavily  insulated.  Around 
the  insulation  is  a copper  braid  that  carries  the  second  signal.  The  whole 
cable  is  then  clad  in  an  insulating  cover.  It  uses  a BNC  connector. 
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▼ 

virus:  a program 
hidden  within 
another  program 
that  may  damage 
or  destroy  data  in 
the  infected 
computer 

▲ 


• Fibre-optic  cable  includes  very  fine  fibre 
strands  that  are  bundled  together.  Two 
fibre-optic  cables  are  used  at  one  time,  one 
cable  for  sending  messages  in  each 
direction.  It  uses  an  ST  fibre-optic 
connector. 


Making  connections  is  what  networking  is  all 
about.  Try  one  of  the  following;  or,  better  yet, 
come  up  with  your  own  idea.  (Remember  to 
keep  proof  of  any  of  these  types  of  activities  as 
you  may  want  to  include  them  in  your  final 
module  project.) 

• Use  a Bulletin  Board  System  (BBS)  to 
relay  messages,  participate  in  a chat  area, 
and/or  download  software.  (Reminder: 
Check  for  viruses  before  running  any 
downloaded  software.) 


• Use  your  modem  to  join  a local  gaming  network,  or  connect  with  a friend  and 
use  your  modems  to  play  a favourite  interactive  video  game. 

• Use  a modem  to  connect  to  a local  BBS,  Freenet,  or  public  library.  Download 
and/ or  upload  some  information. 

In  this  activity  you  have  seen  how  technologies  have  merged  to  improve  the 
bandwidth  of  communication  networks  and  how  more  complex  networks  have 
evolved  from  these  mergers.  Simple  telephone  wires  have  evolved  into  complex 
systems  requiring  specialized  connections.  Do  you  think  there  is  a limit  to  the 
number  of  computers  that  can  be  on  the  Internet  at  one  time? 


■ framf*1 1 1 
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ACTIVITY  4 


Emergent  Wired 
Technologies 

Judy  Arland  is  an  architect  who  works  out  of 
her  home.  Judy  uses  VRML  (virtual  reality 
modelling  language)  applications  to  develop 
virtual  environments  for  her  customers  to 
visit  using  the  Internet.  The  customers  are 
able  to  visit  Judy’s  website  and  walk  through 
her  buildings  before  they  have  been 
constructed.  The  customers  can  examine 
details,  such  as  furniture  layout  or  lighting 
effect  at  different  times  of  the  day. 

Bruce  Chang  operates  a small  business  and  wants  to  establish  his  company’s 
presence  on  the  Internet.  Some  of  the  features  he  designs  into  the  company’s  web 
pages  are  interactive  product  simulation  and  free  webphone-ordering  capabilities. 

Both  of  these  entrepreneurs  are  anxiously  awaiting  increases  in  bandwidth.  What 
are  some  other  features  that  Judy  and  Bruce  may  be  able  to  offer  their  customers 
in  the  near  future? 


In  this  activity  you  will  learn  the  effects  that  improving  communication  technology 
and  increasing  bandwidth  will  have  on  tomorrow’s  emergent  wired 
telecommunication  systems.  You  will  also  discover  some  of  the  future  services, 
such  as  webphones  and  videophones,  that  the  Internet  will  provide.  Some  of  the 
political  influences  that  effect  the  telecommunication  industry  will  be  discussed. 
You  will  examine  the  benefits  derived  from  the  huge  increase  in  bandwidth  being 
offered  by  the  fibre-optic  cables  and  telecommunication  lasers  coming  to  homes 
and  businesses.  You  will  also  analyse  the  security  of  information  transfer  devices. 


£a 


ml 


Think  About  and  Discuss 


Videophones  have  been  discussed  and  debated  for  a long  time.  How  would  seeing  the 
the  person  you  are  communicating  with  help  or  detract  from  your  message? 

Politics  is  something  that  can’t  be  ignored  in  the  telecommunication  industry. 

Should  telecommunication  be  regulated  by  government  or  by  the  international  rules 
of  a free  market  economy? 


What  future  technology  are  you  most  excited  about? 


A* 
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Future  Internet  and  World  Wide  Web  (WWW)  Services 


The  Internet  is  being  used  more  and  more  for  low-cost  telecommunication.  The 
signals  being  sent  are  in  real  or  actual  time.  Telephone  calls,  slow-scan  TV,  and 
interactive  video  games  are  now  possible.  As  bandwidth  and  technology  improves, 
the  quality  and  quantity  of  these  services  will  improve.  Interactive  video, 
videophone,  telephony,  CU-See  Me,  and  RealAudio™  permit  the  use  of  the  Internet 
for  real-time  telecommunications.  QuickTime™  movies  and  Shockwave™,  with 
streaming  audio,  permit  multimedia  presentations  to  be  part  of  a website. 


V 

direct-to-home 
satellite  TV:  a 

system  that 
provides  a direct 
TV  link  to  each 
home  whereby  a 
satellite  beams 
TV  signals  that 
can  be  picked  up 
by  anyone  with  a 
satellite  dish  and 
the  appropriate 
hardware  and 
software 

high-definition 
television 
(HDTV):  a new 

standard  for 
television 
manufacturing 
and  broadcasting 
that  will  produce 
sharper  images 
and  better  sound 


Politics  in  the  Telecommunication  Industry 

There  are  many  different  players  in  the  telecommunication  industry.  Most  are 
private  corporations,  but  the  government  also  has  much  at  stake.  One  thing  they 
all  share  is  a desire  to  control  as  much  of  the  market  as  possible. 

The  coaxial  cable  that  brings  cable  television  into  your  home  is  capable  of  two-way 
exchanges  of  signals.  Under  the  present  regulations,  cable  companies  can  only 
send  signals  to  you.  Cable  modems  are  available  that  would  permit  very  high- 
speed Internet  and  telephone  connections.  But,  at  present,  this  is  the  job  of  the 
telephone  companies  who  use  a relatively  slow  medium.  Direct-to-home  satellite 
TV  companies  would  like  to  provide  high-definition  television  to  your  home, 
bypassing  the  cable  companies. 
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T 

CRTC:  the 

government  body 
set  up  to  govern 
and  set  policies 
for  the 

telecommunication 
industries  in 
Canada 

▲ 


▼ 


cable  modem: 

a modem  that 
uses  the  cable 
companies’ 
coaxial  or  fibre- 
optic  cable 

multi- 

channels:  500+ 
specialized  cable 
television 
channels 
available 
through  fibre- 
optic  networks 

holographic 
image:  a 3-D 

image  created 
when  a coherent 
light  source 
interferes  with 
light  beams 


The  CRTC  (Canadian  Radiotelevision  and  Telecommunications 
Commission) , a governmental  body,  regulates  the  communication 
industry  in  Canada.  The  CRTC  is  moving  to  change  the  way  the 
industry  operates.  Read  some  of  the  CRTC  and  Government  of 
Canada  policies  and  laws  regulating  the  communication  industry. 

The  CRTC  has  a website  you  can  access  at  the  following  URL: 

http://www.crtc.gc.ca/Us.htm 

Collect  current  newspaper  articles  or  Internet  articles  on  the  following  topics: 
cable  modems,  Canadian  direct-to-home  satellite  TV  companies,  and 
high-definition  TV  (HDTV).  Note  the  features,  advantages,  and  disadvantages  of 
the  different  systems.  Keep  your  articles  as  they  may  be  useful  for  your  final 
module  project. 

Fibre  Future 


Extensive  bandwidth  would  be  possible  if  all  homes 
were  connected  with  fibre-optic  cables.  If  cable 
modems  made  from  coaxial  or  fibre-optic  cables  are 
used  by  cable  companies,  the  send/receive  rates  are 
many  times  greater  than  the  fastest  telephone-line 
modems.  The  cable  modems  can  be  used  the  same 
time  as  your  television  is  receiving  TV  signals.  This 
would  greatly  increase  bandwidth.  Cable  companies 
are  also  proposing  500+  television  channels  per  home 
(multi-channels) , which  would  allow  people  to 
watch  many  specialized  channels.  For  example,  you 
could  decide  which  sport  you  will  view  on  the 
Olympic  coverage  with  a channel  devoted  to  each 
sport  venue.  Multi-channel  technology  could  supply  the  necessary  data  for  full- 
motion,  full-sized  holographic  images  right  in  your  living  room.  People  could 
have  hundreds  of  cable  channels,  pay-per-view  TV,  interactive  video  games  and 
interactive  TV,  very  fast  cable  modems,  low-cost  telephone  services  (such  as  long 
distance  calls,  voice  messaging,  video  telephones,  and  conferencing),  plus  many 
other  services  not  even  invented  yet  would  be  readily  available.  The  technologies 
involved  with  these  forms  of  telecommunication  require  great  amounts  of 
bandwidth  that  can  be  obtained  with  fibre-optic  technologies. 

The  multi-channel  or  500-channel  universe,  virtual  reality  holographic  imaging, 
and  full-motion  imaging  are  becoming  closer  to  reality. 

1.  Describe  some  of  the  possible  advantages  to  having  your  home  connected  to 
fibre-optic  networks. 


Compare  your  responses  with  those  in  the  Appendix,  Section  I : Activity  4. 
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Telecommunication  Security 


▼ 

Trojan  Horse:  a 

virus-like 
program  that 
enters  your 
computer  from 
the  Internet 

v-shield:  one  of 

many  shareware 
protection  plans 
that  stays  resident 
in  the  memory  of 
the  computer  so  it 
can  remain 
active  all  the  time 

▲ 


T 

crytography:  a 

secret  code  used 
to  hide 

information  that 
is  to  be  sent  over 
telecommunication 
lines  from 
hackers 


Can  you  imagine  a neighbour  with  a scanner  listening  to  all  your  phone 
conversations?  Some  computer  hackers  can  do  the  same  with  all  your  Internet 
communications  using  specially  designed  programs,  like  Trojan  Horse.  Once 
inside  your  computer,  the  Trojan  Horse  program  is  designed  to  detect  passwords 
and  other  valuable  information.  The  data  is  sent  back  through  the  Internet  to  the 
source.  The  source  can  then  use  the  information  to  steal  more  information  or 
damage  valuable  files. 

Viruses  are  a problem  and  source  of  fear  to  people  who  use  computers.  While 
human  viruses  are  the  result  of  nature,  computer  viruses  are  the  result  of  some 
person’s  attempt  to  cause  vandalism  on  the  computer  software  of  others.  Virus- 
protection  software  tries  to  prevent  the  potential  damage  from  viruses,  but  it  must 
be  continually  updated  to  keep  abreast  of  the  latest  form  of  computer  virus  that 
someone  has  created  and  has  passed  on.  One  type  of  virus-protection  software  is 
McAfee’s  v-shield.  It  checks  a disk  for  viruses  as  soon  as  it  is  put  into  a computer. 
If  any  viruses  are  present,  the  computer  stops  and  a warning  is  shown  on  the 
monitor  asking  you  to  remove  the  contaminated  disk. 

Do  a search  for  information  relating  to  viruses  using  the  following  questions  as  a 
guide. 

2.  How  does  a virus-protection  program  that  stays  resident  in  your  computer 
memory,  such  as  McAfee’s  v-shield  program,  protect  your  computer  from 
viruses? 

3.  Run  a virus  program  on  your  computer.  Check  the  virus  program  files  to 
determine  when  the  data  files  were  last  updated.  How  often  should  these  files 
be  updated,  and  how  can  you  do  that? 

4.  How  and  when  are  viruses  transmitted,  and  how  do  they  infect  your  computer? 
Knowing  this,  how  can  you  lessen  the  likelihood  of  infection? 

5.  Investigate  the  Computrace™  program  by  Absolute  Software  Company. 
Compare  the  signal  being  sent  out  by  stolen  laptop  computers  containing  their 
software  to  a virus.  How  is  Computrace  actually  a form  of  friendly  computer 
virus? 

6.  How  is  cryptography  used  to  prevent  Internet  hackers  from  intercepting  your 
data? 


are  your  responses  with  those  in  the  Appendix,  Section  I : Activity  4. 
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In  this  activity  you  no  doubt  discovered  that  telecommunication  technology  is 
changing  daily.  Many  products  and  services  are  being  improved  upon,  and  new 
products  and  services  are  being  invented.  As  well,  many  technologies  are  merging 
to  potentially  produce  applications  that  will  change  our  telecommunicating  future. 
These  rapid  changes  can  produce  positive  as  well  as  negative  effects  on  the 
telecommunication  industry. 


FOLLOW-UP  ACTIVITIES 

If  you  had  difficulties  understanding  the  concepts  in  the  activities,  it’s 
recommended  that  you  do  the  Extra  Help.  If  you  have  a clear  understanding  of  the 
concepts,  it’s  recommended  that  you  do  the  Enrichment. 


Extra  Help 


1.  Understanding  the  terminology  you’ve  encountered  in  this  section  will  help 
your  understanding  of  telecommunications.  The  crossword  puzzle  that  follows 
will  help  you  review  that  terminology.  Be  sure  to  review  any  terms  that  give 
you  trouble. 
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Across  Down 


2.  a device  used  to  reduce  noise  interference 

4.  a cable  made  from  very  fine  glass  strands 
that  are  bundled  together 

8.  The system  has  five  basic 

elements. 

9.  the  transmission  rate  of  data 

10.  the  government  body  set  up  to  govern  and 
set  policies  for  the  telecommunications 
industry  in  Canada 

12.  the  person  or  device  wishing  to 
communicate  or  send  a message 

13.  sound  that  interferes  with  the  transferring 
of  information  from  the  sender  to  the 
receiver 

14.  a type  of  modem  that  transmits  digital 
computer  information  across  the  cable 
television  networks  at  high  bandwidths 


1.  the  channel  that  a message  travels  through 

3.  a program  hidden  within  another  program 
that  may  damage  or  destroy  data  in  the 
infected  computer 

5.  the  set  of  rules  governing  the  operation  of  a 
communication  system 

6.  the  amount  of  data  that  can  move  through  a 
medium 

7.  an  open-to-the-public  network  of  computer 
servers 

11.  a device  that  converts  digital  data  output 
into  a series  of  analog  tones  and  vice  versa 

12.  a message  containing  data,  voice,  and/or 
picture 


Compare  your  puzzle  with  the  one  in  the  Appendix,  Section  I : Extra  Help. 
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2.  All  communication  systems  have  five  basic  elements.  Identify  the  basic 
elements  and  describe  how  they  are  involved  in  a communication  system. 

3.  Sometimes  there  is  sound  in  the  communication  system  that  interferes  with  the 
transferring  of  messages. 

a.  What  is  this  sound  called? 

b.  What  can  be  used  to  reduce  or  eliminate  this  sound? 

4.  Many  Internet  websites  include  features  such  as  audio  and  video  streaming 
(e.g.,  QuickTime™  movies  or  RealAudio™).  In  order  for  people  to  effectively 
access  these  websites  containing  intensive  data,  higher  bandwidth  is  needed. 
What  is  bandwidth? 

5.  You  learned  about  five  different  types  of  computer  networks  in  this  section. 
What  are  they? 

6.  Computer  networks  require  different 
types  of  cables  and  connectors.  What 
are  four  types  of  cable  used  for 
networks? 

7.  If  fibre-optic  cable  was  used  for 
computer  networks,  extensive 
bandwidth  would  be  possible.  What 
future  technological  developments 
would  be  possible  if  fibre-optic  cable 
were  used? 


Compare  your  responses  with  those  in  the  Appendix,  Section  I:  Extra  Help. 
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Enrichment 


Do  one  or  more  of  the  following: 

1.  Where  is  your  closest  computerized  switchboard? 

2.  What  is  a digital  image? 

3.  How  do  computer  programs  make  use  of 
data,  fax,  or  voice  modems? 

4.  a.  How  does  some  of  the  communications 

circuitry  work  in  your  home? 

b.  How  does  laser  technology  work  with  fibre-optic  cables?  Show  or  describe 
each  of  the  following:  message,  sender,  medium,  noise,  filter,  and  receiver. 
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5.  Investigate  WebPhone™  and  videophone  technology  and  how  it  works. 
Demonstrate  or  report  on  your  findings. 

6.  What  are  some  of  the  practical  applications  of  emerging  technologies? 

7.  How  do  viruses  and  applets  compare? 


Compare  your  responses  with  those  in  the  Appendix,  Section  I : Enrichment. 


CONCLUSION 

You  began  this  section  with  a study  of  the  basic  elements  of  a communication 
system.  Factors  such  as  bandwidth  and  noise  were  examined.  Then  you  had  a 
chance  to  examine  wired  communication  technologies.  Your  study  of  wired 
communication  systems  started  with  the  early  developments  and  moved  on  to  the 
present. 

The  amount  of  change  that  has  occurred  and  is  occurring  is  happening  at  an 
exponential  rate.  Society  can  look  forward  to  many  changes  to  meet  its  needs  and 
ever-increasing  expectations  as  the  transmission  bandwidth  continues  to  increase 
and  the  related  technologies  continue  to  improve. 


ASSIGNMENT 

Turn  to  your  Assignment  Booklet  and  do  the  assignment  for  Section  1. 
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it 


Meera  had 

turned  on  the 
radio  in  her  home 
office.  News  of  civil 
unrest  in  Zaire  had 
her  worried  about 
the  safety  of  her 
partner,  Brent,  who 
was  consulting  in 
Zaire  on  a project 
involving  a satellite 
telecommunication 
link. 

Meera  sent  Brent  an 
e-mail,  which  he 
received  within 
seconds  on  his  global 
Internet  pager.  He 

had  just  heard  a drum  message  from  the  construction  site,  where  their  microwave 
station  was  being  built.  Refugees  were  trying  to  get  into  the  construction  site  to 
obtain  food.  This  problem  was  stalling  work  on  the  microwave  station.  Brent  used 
his  wireless  laptop  to  send  a message  to  Meera  to  tell  her  about  the  situation. 
Through  an  exchange  of  e-mail  messages,  they  agreed  to  contact  UNICEF  and 
have  them  send  food  relief  to  the  refugees. 

You  will  learn  how  successes  of  the  telecommunication  industry  are  based  on 
understanding  and  applying  the  elements  of  telecommunication  infrastructure.  By 
exploring  the  challenges  of  the  inventors  who  created  wireless  technologies,  you 
will  have  a comprehensive  understanding  of  the  need  for  a strong  infrastructure  in 
the  telecommunication  industry.  Some  of  the  basic  science  concepts  behind 
wireless  electromagnetic  and  light-wave  spectrums  will  be  discussed.  You  will  also 
be  exposed  to  a variety  of  applications  of  this  wireless  technology  as  there  are 
many  wireless  communication  devices  used  today,  and  there  will  be  many  more  in 
the  emergent  future. 
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* SECTION 


ACTIVITY  I 


T 

telecommunication 

infrastructure: 

the  components  that 
need  to  be  in  place 
in  order  for  a 
telecommunication 
system  to  develop 
successfully  and  to 
satisfy  a 
communication 
need 

▲ 


Ellies 


Infrastructure  and 
Wireless  Technologies 

In  the  opening  story  of  this  section,  Meera  and  Brent  used  many  communication 
devices  to  transmit  different  types  of  information.  Wireless  communication 
technologies  allowed  Meera  and  Brent  to  communicate  in  ways  never  conceived  of 
a hundred  years  ago.  Imagine  the  telecommunication  infrastructure  that  was  in 
place  and  the  amount  of  technology  and  people-hours  required  to  make  that 
communication  happen. 

In  order  for  you  to  understand  present-day  communication  systems,  you  need  to 
understand  how  these  technologies  have  developed.  What  is  essential  before  a 
telecommunication  system  can  be  successful?  These  essential  elements  are 
referred  to  as  the  telecommunication  infrastructure.  Within  this  activity  you  will 
also  explore  the  development  of  wireless  wave  technology. 

In  Activity  1 you  will  do  the  following: 

• identify  and  understand  the  components  of  the  telecommunication 
infrastructure 

• understand  the  difference  between  wired  and  wireless  telecommunication 
and  the  benefits  and  limitations  of  each  system 

• understand  the  fundamental  wave  principles  behind  wireless  technology 

• know  the  main  contributors  to  wireless  technology  and  the  roles  they  played 
in  developing  the  infrastructure 


Think  About  and  Discuss 


• Two  of  the  elements  of  the  telecommunication  infrastructure  are  needs  and 
resources.  How  have  some  marketing  strategies  influenced  people  regarding 
their  needs? 


Another  telecommunication  infrastructure  element  involves  standards  and 
There  has  been  a lot  of  debate  about  the  quality  of  content  on  the  Internei 
Internet  be  open  for  all  content  and  the  censorship  be  implemented  at  the 
or  should  there  be  regulations  placed  on  what  kinds  of  content  can  appear 
the  Internet? 


•egulations. 

. Should  the 
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Telecommunication  Infrastructure 

In  the  telecommunication  industry  (past,  present,  or  future) , the  successful 
implementation  of  new  technologies  by  inventors  and  those  who  support  it  is  a 
result  of  having  a strong  infrastructure  in  place. 


There  are  five  main  parts  to  an  effective  telecommunication  infrastructure: 


▼ 

proprietary 

technologies: 

“proprietary  to” 
means  “owned  by” 

A feature  of  a 
communication 
device  or 
computer  is  said 
to  be  proprietary 
if  one  company 
had  exclusive 
rights  to  it. 

▲ 


• resources 

• regulations 

• needs 

• people 

• technology 

Resources 

The  magazine  Popular  Science 
highlights  new  inventions  that 
solve  many  problems,  but  you  seldom 
see  the  product.  Why?  A recognizable 
example  is  VCR  technology.  At  first, 
consumers  had  a choice  between  VHS 
or  BETA  machines.  Now,  most 
machines  and  tapes  are  VHS  even 
though  BETA  is  a better  product. 

BETA  just  wasn’t  marketed  well. 

Marketing  includes  all  the  activities 
in  selling  products,  and  the 
successful  selling  of  products  is  critical 
to  the  inventor  and  to  the  financial  backers. 

Most  people  have  great  ideas,  but  some  are 
never  carried  out  due  to  lack  of  time,  money,  skills,  or  materials.  These 
limitations  of  resources  can  prevent  a good  idea  from  becoming  a 
telecommunication  product  or  system.  This  is  why  having  financial,  technical,  and 
other  necessary  resources  is  so  important  to  an  effective  telecommunication 
infrastructure. 

Regulations 

What  would  happen  if  there  were  no  rules  or  standards  for  driving  on  the  road? 
There  would  be  more  car  accidents  and  traffic  would  move  a lot  slower.  The  same 
would  be  true  if  there  were  no  rules,  standards,  protocols,  or  regulations  in  the 
communications  industry.  Data  would  be  more  easily  corrupted  or  destroyed,  and 
information  would  not  flow  as  quickly.  A degree  of  control  is  essential.  There  are 
times,  though,  when  the  control  is  used  to  over-regulate  to  the  point  that  rights 
and  freedoms  are  restricted.  Proprietary  technologies  are  an  example  of 
over-regulation.  They  reduce  flexibility  and  opportunities  to  try  new  products. 
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Communication  Needs 


How  do  you  communicate  with  a friend  who  is  100  metres  away?  Your  reactions  are 
automatic.  You  recognize  the  communication  problem,  and  you  try  to  solve  it  by 
increasing  the  volume  of  your  voice  and  cupping  your  hands  to  the  side  of  your 
mouth.  Your  hands  act  as  deflectors,  projecting  the  sound  waves  in  one  direction. 
What  if  your  friend  is  further  away?  A communication  need  is  created  when  people 
try  to  find  new  and  better  ways  to  communicate.  Technology  is  used  to  help  people 
solve  problems  and  meet  their  needs. 

People 

Have  you  ever  stopped  to  think  of  who  invented  the  cellular  phone,  radio, 
television,  or  walkie-talkie,  and  where  they  got  the  ideas  about  how  to  do  it?  Why 
did  they  want  to  create  these  technologies  in  the  first  place,  and  what  inspired 
them  to  do  so?  New  communication  technologies  are  created  by  people  or  groups 
of  people  working  together  to  solve  a communication  need.  Those  who 
successfully  develop  new  technologies  often  are  very  driven  to  accomplish  their 
goal  of  finding  solutions  to  telecommunication  challenges.  What  drives  these 
people? 

When  you  communicated  with  your  friend  over  the  100  metres,  your  need  drove 
you  to  try  different  things.  You  came  up  with  the  idea  of  increasing  the  volume  of 
your  voice  by  using  your  hands  to  project  the  sound.  In  a way,  you  invented  the 
solution  to  your  problem,  and  you  had  the  technology  to  carry  it  out. 


Technology 


The  human  body  has  communication  limitations,  so  mechanical  devices  are 
created  to  overcome  these  limitations.  Communication  technology  can  be  as  basic 
as  a drum  or  as  complex  as  a cellular  phone.  The  resources  of  Earth  are  reshaped 
in  new  ways  to  manufacture  communication  hardware  and  software  to  meet 
increasing  needs  and  wants. 

1.  There  are  many  new  communication  products  developed  that  you  will  never 
hear  about  or  be  able  to  use.  Some  of  these  products  are  better  than  existing 
ones;  but,  for  a few  basic  reasons,  they  do  not  become  the  technology  or 
product  of  choice.  What  are  some  of  the  possible  reasons? 


2.  Samuel  Morse  developed  the  concept  of  the  telegraph  at  the  same  time  as 
Cooke  and  Wheatstone.  Alexander  Graham  Bell  worked  on  developing  the 
telephone  at  the  same  time  as  Elisha  Gray.  Yet  Morse’s  telegraph  and  Bell’s 
telephone  were  chosen  over  their  competitors’  products.  Why?  Search  topics 
such  as  Morse,  Bell,  telegraph,  and  telephone  to  find  the  answer. 


Compare  your  responses  with  those  in  the  Appendix,  Section  2:  Activity  I. 
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Wireless  Telecommunication 


▼ 

wireless 

telecommunication: 

the  communicating 
or  sending  of 
messages  without 
the  aid  of  wires  or 
cables  as  a medium 

A 


| 


▼ 

electromagnetic 
wave:  a wave 
that  is  produced 
by  using  an 
electrical  form  of 
energy  to  produce 
a magnetic  field; 
a form  of 
electronic 
communication 
or  energy 


What  is  wireless  telecommunication?  Wireless  telecommunication  can  take 
many  forms.  The  medium  is  air,  space,  and  sometimes  water.  Messages  are 
transmitted  through  these  mediums  by  using  electromagnetic,  light,  or  sound 
waves.  Special  devices  are  used  to  transmit  and  receive  the  waves. 

In  earlier  times,  wireless  messages  were 
sent  by  using  drums,  smoke  signals,  or  a 
combination  of  flags.  These 
communication  devices  relied  on  visible 
light  or  sound  waves  as  a means  of 
sending  messages  from  the  sender  to  the 
receiver.  The  person  sending  the  message 
would  manipulate  the  signal  using  certain 
protocols  that  would  be  interpreted  by 
those  intended  to  receive  the  message. 

The  signal  would  travel  at  either  the  speed 
of  light  or  the  speed  of  sound.  The  ears  or 
eyes  of  a person  acted  as  the  receiver,  and 
the  air  acted  as  the  medium.  The  quality 
of  the  signal  was  determined  by  the 
amount  of  noise  or  interference  in  the 
medium  (background  sounds,  smog,  or 
line-of-sight) . The  great  benefit  of  this 
form  of  communication  was  that  no  wires 
were  needed  as  a medium.  Some  of  these 
early  wireless  devices  are  still  in  use  today 
by  people  around  the  world. 

3.  Provide  three  other  examples  of  early  wireless  devices  that  are  still  used  in 
today’s  highly  technical  world.  When  searching  for  information,  always  think  of 
the  key  concepts  as  possible  topics. 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  I. 


Today’s  wireless  communication  systems  generally  do  not  use  smoke,  drums,  or 
flags  to  send  messages.  Wireless  telecommunication  devices  use  electromagnetic 
waves  or  light  waves  to  transmit  information  (voice,  data,  picture)  between  two 
places.  Electromagnetic  waves  are  the  nonvisible  light  that  your  eyes  cannot  see 
but  that  are  all  around  you.  Although  you  cannot  see  waves,  brilliant  minds  have 
found  a way  to  use  waves  as  a means  of  transmitting  messages  over  long  distances. 
Wireless  devices  can  either  provide  one-way  or  two-way  communication. 


Electricity  is 
generated  by  the 
movement  of 
electrons. 

▲ 


4.  Can  you  think  of  any  wireless  communication  devices  that  you  use  in  your 
home? 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:Activ 
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The  Discovery  of  Electromagnetic  Waves 


▼ 

spectrum:  a 

range  of 
electromagnetic 
energies  arrayed 
in  order  of 
increasing  (or 
decreasing) 
frequency  or 
wavelength 


V 

electricity:  a 

form  of  energy 
based  upon  an 
imbalance  of 
positive  and 
negative  charges. 


By  studying  light,  scientists 
and  inventors  were  led  to  the 
discovery  of  electromagnetic 
waves.  Sir  Isaac  Newton 
learned  that  visible  light 
waves  could  be  separated 
into  different  colours,  which 
he  called  bands.  Collectively, 
these  bands  were  called  a 
spectrum.  Other  scientists 
discovered  additional  bands 
of  waves  in  the  spectrum  that 
were  not  visible  to  the  eye, 
such  as  infrared  and 
ultraviolet  waves. 

Michael  Faraday,  an  English 
chemist  and  physicist, 
discovered  the  principle  of 
electromagnetic  induction.  In 
1832,  Faraday  proposed  that 

the  spectrum  contained  another  band  of  invisible  waves,  which  he  called  the  “lines 
of  force,”  produced  by  the  combination  of  electricity  and  magnetism.  These 
waves  were  mathematically  proven  to  exist  in  1864  by  James  Clerk  Maxwell,  a 
Scottish  physicist. 


Electrical  energy 
can  be  dynamic  or 
static.  Dynamic 
electricity  is  the 
effect  of  voltage  in 
producing  current 
in  conductors. 
Static  electricity  is 
the  accumulation 
of  charge. 

magnetism:  the 

effect  of  attraction 
and  repulsion  by 
iron  and  similar 
materials  without 
the  need  for  an 
external  force 

Electromagnetism 
includes  the  effects 
of  the  magnetic 
field  associated 
with  an  electric 
current. 


Although  they  could  be  mathematically  proven, 
scientists  needed  to  find  a way  to  produce  these 
invisible  waves.  In  1887,  a German  physicist, 
Heinrich  Hertz,  was  the  first  one  to  generate 
electromagnetic  waves  through  a series  of 
experiments.  Hertz  opened  the  way  for  the 
development  of  radio,  television,  and  radar  with 
his  discovery  of  electromagnetic  waves.  These 
waves  were  first  called  Hertzian  waves,  then  later, 
wireless  waves.  Today,  they  are  known  as  radio 
waves. 

Electromagnetic  Waves 


Have  you  ever  wondered  what  an  electromagnetic  corbis-bettman 

wave  is  made  of  or  how  it  works?  All  electronic  Heinrich  Hertz 

communications  operate  under  the  principle  of 

moving  electrons.  Electromagnetic  waves  are  produced  by  using  an  electrical  form 
of  energy  to  produce  a magnetic  field.  Electricity  is  generated  by  the  movement  of 
electrons. 
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▼ 

sine  wave:  a 

wave  in  which 
amplitude  varies 
in  proportion  to 
the  sine  function 
of  the  angle 

cycle:  the 

completion  of  one 
repetition  of  an 
electromagnetic 
wave 

amplitude:  the 

highest  or  deepest 
point  on  an 
electromagnetic 
wave 

wavelength:  the 

! distance  from 
| peak-to-peak  of  a 
sine  wave 

frequency:  the 

| number  of  cycles 
■ a wave  travels  in 
1 a period  of  time — 
usually  within 
j one  second 

iA 


! 


It  is  amazing  to  think  that  James  Clerk  Maxwell  developed  a series  of  mathematical 
equations  to  prove  the  existence  of  electrical  waves,  something  not  visible  to  the 
human  eye.  Electromagnetic  waves  move  in  a constant  pattern  and  are  produced 
when  electricity  and  magnetism  interact  to  form  a wave.  The  wave  that  is 
generated  is  called  a sine  wave.  Each  repetition  of  the  wave  is  a cycle  and  the 
height  or  depth  of  the  wave  is  known  as  amplitude.  Amplitude  is  measured  in 
either  voltage  or  current.  The  wavelength  is  the  measure  of  the  distance  from 
peak-to-peak.  The  frequency  is  the  number  of  cycles  within  a period  of  time — 
usually  within  one  second. 


h Wavelength  ^ | 

m m m m m P»-[  Amplitude 


c + 
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Frequency 


5.  Review  the  properties  of  electricity,  electric  currents,  circuits,  and 
electromagnetism.  Describe  briefly  how  each  works. 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  I. 


Producing  Hertzian  Waves 

Today  it  is  taken  for  granted  that  you  can 
turn  on  the  radio  and  listen  to  your  favourite 
radio  station.  The  music  station  is  a 
transmission  source,  which  is  very 
high  technology  compared  to  the  first 
electromagnetic-wave  transmission 
stations. 


Studying  the  basics  of  the  Heinrich  Hertz  experiment  will  help  you  appreciate  how 
far  the  technology  of  producing  electromagnetic  waves  has  come.  Look  at  the 
following  illustration  of  an  oscillator  and  the  explanation  that  follows  it  to  learn 
more  about  how  Hertz  produced  his  first  electromagnetic  waves;  then  answer  the 
question. 
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In  1887,  Heinrich  Hertz  generated  electromagnetic  waves  using  an  oscillator.  The  oscillator 
is  powered  by  a battery,  which  produces  a direct  current  (DC).  As  this  current  travels 
through  the  coil  and  Leyden  Jar,  it  is  converted  to  an  alternating  current  (AC). The  current 
then  travels  through  the  wire  to  one  side  of  the  small  break  in  the  circuit,  called  a spark  gap. 
This  current  causes  one  side  of  the  spark  gap  to  become  negatively  charged  and  the  other 
side  to  become  positively  charged.  When  the  charge  difference  is  great  enough,  the 
electrons  jump  across  the  spark  gap,  causing  a flash  or  spark.Then,  the  current  changes 
direction  and  the  whole  thing  starts  again. 

After  setting  up  this  circuit,  Hertz  added  a wire  loop  with  a spark  gap  close  to  the  circuit. 
When  he  turned  the  oscillator  on  again,  a spark  jumped  in  the  gap  on  the  wire  loop  as  well, 
even  though  it  was  not  physically  connected  to  the  circuit.  Hertz  realized  the  spark  on  the 
second  wire  loop  was  created  by  electromagnetic  field  (EMF)  waves  inducing  current  flow 
from  one  circuit  to  the  other. 


6.  Explain  the  difference  between  an  alternating  current  and  a direct  current. 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  I. 


Wireless  Telegraphy 

Discovering  electromagnetic  waves  was  an  important  scientific  achievement.  The 
next  step  for  scientists,  however,  was  to  find  possible  applications  for 
electromagnetic  waves.  If  no  value  or  application  benefiting  society  could  be  found,  E 
the  general  public  and  the  financiers  would  soon  lose  interest  in  this  discovery.  Sir 
William  Crookes,  a British  chemist  and  physicist,  stimulated  the  interest  of  people, 
businesses,  and  governments  in  this  technology  by  suggesting  that  Hertz’s 
electromagnetic  waves  could  be  used  to  send  and  receive  messages  without  the 
use  of  wires. 
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In  1893,  the  experiments  of  Nikola  Tesla,  a Croatian-born  American  electrical 
engineer,  gave  greater  evidence  to  Crookes’s  statement  that  messages  could  be 
sent  using  wireless  devices.  Up  until  then,  scientists  thought  the  types  of  messages 
the  wireless  waves  would  carry  were  Samuel  Morse’s  protocol  of  Morse  code, 
turning  wired  telegraphy  into  wireless  telegraphy.  Scientists  and  financiers  began 
to  realize  the  potential  profitability  of  such  a communication  system. 

Even  with  support,  scientists  still  struggled  with  developing  higher-quality 
technology  that  could  send  messages — using  electromagnetic  waves — over  greater 
distances  than  Nikola  Tesla’s  29  metres.  The  technology  of  producing,  sending, 
and  detecting  the  wave  also  needed  to  be  improved  in  order  to  develop  an  effective 
wireless  telecommunication  system.  The  scientists  and  their  financial  backers 
knew  what  a great  benefit  to  society  it  would  be  to  produce  wireless  technology. 

7.  What  were  some  of  the  benefits  of  wireless  technology?  List  at  least  three 
benefits. 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  I. 


A Man  with  a Vision  of  the  Future 

Guglielmo  Marconi  was  one  of  those  individuals  who  realized  the  profitability  of 
building  a wireless  telecommunication  system.  In  1892,  at  the  young  age  of  18,  he 
began  to  dedicate  his  life’s  work  to  building  the  first  usable  wireless 
telecommunication  system.  Marconi  knew  that,  in  order  to  be  successful,  the 
technology  of  transmitting  and  receiving  electromagnetic  waves  would  need  to  be 
improved.  He  made  important  changes  to  the  transmitter  and  invented  the  first 
grounded  antenna,  which  improved  the  ability  to  receive  signals  over  greater 
distances.  On  May  13,  1897,  Marconi  successfully  sent  a message  across  the 
Bristol  Channel.  On  March  27,  1899,  he  sent  the  first  wireless  signals  across  the 
English  Channel  to  France.  His  technology  was  rapidly  being  purchased  by  owners 
of  ships  who  were  the  most  interested  in  Marconi’s  experiments  in  the  beginning. 


The  English  translation  of  Marconi’s  first  message  across  the  English  Channel 
is  as  follows: 

Marconi  sends  his  respectful  compliments  across  the  channel.  This  fine 
accomplishment  being  partly  due  to  the  remarkable  research  of  Edouard 
Rranly. 


Search  topics,  such  as  Marconi  and  radio,  to  gather  information  about  Marconi’s 
contributions.  Use  the  following  questions  as  a guide  when  gathering  information. 
The  following  uniform  resource  locator  (URL)  may  be  helpful  in  your  search: 

http :/ / www.  invent,  org/book/book- text/  indexbyname . html 
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8.  Why  were  ship  owners  so  interested? 

9.  What  one  major  factor  helped  Marconi  be  successful? 


▼ 

coherer:  part  of 
the  receiver 
technology  of  a 
radio 

responder:  a 

part  of  the 
transponder  that 
transmits  a radio 
signal 

▲ 
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Compare  your  responses  with  those  in  the  Appendix,  Section  2:  Activity  I. 


The  Importance  of  Financial  and  Political  Resources 

In  order  for  the  wireless  telegraphy  system  to  grow,  a strong  telecommunication 
infrastructure  needed  to  be  put  in  place.  Marconi  understood  this,  and  he  worked 
hard  to  ensure  that  his  technology  would  make  an  impact  on  society  and  that  he 
would  profit  from  it. 

Marconi  soon  realized  that  technological  improvements  were  only  one  part  that 
would  contribute  to  his  success.  In  order  to  continue  with  his  experiments,  he 
needed  strong  financial  backing.  That  meant  finding  someone  willing  to  invest  in 
his  ideas  as  an  opportunity  for  a profitable  return.  Marconi’s  skill  as  a scientist  in 
improving  the  technology,  and  as  a businessman  in  promoting  the  technology, 
helped  him  secure  investments  and  gave  him  more  time  to  dedicate  to  his  work. 

Review  the  information  you  have  gathered  on  Marconi  to  find  the  answers  to  the 
following  questions. 

10.  What  government  at  first  refused  to  help  Marconi? 

11.  What  individuals,  groups,  or  governments  provided  financial  resources  or 
human  resources  for  Marconi’s  projects? 

12.  Identify  three  demonstrations  Marconi  made  to  promote  his  wireless 
communication  technology. 


Compare  your  responses  with  those  in  the  Appendix,  Section  2:  Activity  I. 


Competition  Breeds  Better  Technology 

Marconi  was  not  the  only  one  trying  to  create  a fortune  through  wireless 
technology.  Many  other  inventors  in  the  United  States  challenged  Marconi’s 
patents  but  lost.  In  1900,  an  American  inventor  named  Lee  De  Forest  improved 
Marconi’s  receiver  technology,  the  coherer,  by  using  a responder.  De  Forest’s 
system  could  send  and  receive  nearly  three  times  as  many  words  per  minute, 
making  it  much  more  cost  effective. 

In  the  America’s  Cup  yacht  competition  in  1898,  De  Forest  wanted  to  outdo 
Marconi  by  sending  the  results  of  the  race  to  the  newspaper  faster.  Unfortunately, 
neither  Marconi  nor  De  Forest  could  send  the  message  as  both  of  the  wireless 
systems  interfered  with  each  other’s  wave  patterns.  This  became  a common 
problem  as  more  people,  businesses,  and  governments  began  using  wireless 
systems. 
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T 

capacity:  the 

measure  of  the 
electric  output  of 
a generator;  the 
I amount  of  charge 
! an  object  can  hold 


Sir  Oliver  Lodge  of  England  solved  this  problem  by  regulating  the  wavelength 
(frequency)  of  the  signal  transmitter  and  adjusting  the  receiver  to  only  accept  that 
particular  wavelength  (frequency) . The  wavelength  was  controlled  by  two 
properties  of  the  condenser:  capacity  and  inductance.  Condensers  of  the  same 
size  are  on  both  the  transmitting  and  receiving  end.  Marconi  improved  on  Lodge’s 
work  by  creating  adjustable  condensers,  which  are  now  called  tuners. 


inductance:  a 

circuit  element, 
typically  a 
\ conducting  coil, 
I in  which  an 
electric  force  is 
I generated  by 
I electromagnetic 
induction 


13.  How  does  a tuner  or  condenser  work? 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  !. 


Marconi’s  next  goal  was  to  create  a world-wide  wireless  telegraph  communication 
system.  The  infrastructure  for  this  would  be  incredible.  On  December  12,  1901, 
Marconi  sent  the  first  transatlantic  wireless  message,  the  letter  S,  from 
Newfoundland  to  England,  but  the  signal  quality  was  poor.  On  March  28,  1906, 

De  Forest  sent  a 1000-word  message  from  Coney  Island,  New  York,  to  Ireland — a 
distance  of  3000  miles.  Only  half  of  the  message  was  received.  On  October  17, 

1907,  Marconi  sent  multiple  messages  with  a high  degree  of  success.  He  then  went 
on  to  establish  the  biggest  wireless  telegraph  company  of  that  time. 


14.  Soon  after  Marconi  had  completed  his  transmission  across  the  Atlantic,  the 
Transatlantic  Telegraph  Cable  Company  filed  a lawsuit  against  Marconi.  Why? 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  I. 


Activity  1 stated  that  there  are  many  components  that  play  a role  in  the  successful 
development  of  a telecommunication  system.  There  has  to  be  a recognized  need; 
motivated  people  with  expertise  to  implement  the  technology,  standards, 
regulations,  and  protocols;  and  the  support  of  people  and  financial  resources. 


Although  wired 
communication  devices 
are  very  effective,  they 
are  limited  in  the  areas 
that  their  signals  can 
reach.  Laying  phone 
cable  from  Halifax  to 
London  across  the 
ocean  floor  is  a very 
expensive  undertaking 
and  the  shipping 
industry  needed  a 
better  way  to 
communicate.  For  this 
and  many  more  reasons, 
wireless  communication 
technology  was  looked 

at  as  another  means  to  transmit  and  receive  information.  This  technology  would 
lay  the  foundation  for  moving  the  world  into  the  Information  Age  and  on  into  the 
21st  century. 
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ACTIVITY  2 

Communicating  Voice— 
Through  Thin  Air 


PHOTO  SEARCH  LTD. 


Do  you  have  a favourite  radio  station?  Most  people  do.  Is  it  because  you  like  a 
particular  type  of  music,  or  are  there  other  reasons?  The  radio  is  a good  source  of 
up-to-date  information  about  weather,  traffic  conditions,  news,  social 
commentaries,  and  sports.  To  many  people,  the  radio  is  also  a main  source  of 
contact  with  the  world.  It  is  a friend  to  others  providing  laughter,  comfort,  and 
support.  Radio  is  definitely  a technology  that  has  changed  the  world. 

In  Activity  2 you  will  do  the  following: 

• identify  why  voice  communication  over  long  distances  was  developed 

• learn  about  the  challenges  inventors  of  this  technology  had  to  overcome  in 
order  to  make  voice  communication  through  thin  air  a reality 

• differentiate  between  AM  (amplitude  modulation)  and  FM  (frequency 
modulation)  radio  signals 

• understand  the  impact  of  radio  on  society 
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Think  About  and  Discuss 


Investigate  the  kinds  of  regulations  that  the  CRTC  has  that  affect  what  radio  stations 
can  play.  Call  your  favourite  radio  station  and  ask  them  what  their  relationship  is  with 
the  CRTC.  Find  out  what  the  station  likes  and  what  they  don’t  like  about  the  role  that 
the  CRTC  plays. 

Be  prepared  to  defend  your  favourite  radio  station. 

Investigate  the  role  that  wireless  communications  played  in  the  Titanic  disaster. 


The  Need  to  improve  Wireless  Telegraphy 


As  the  wireless  telegraph  began  to  be  used  heavily,  visionaries  began  to  see  a need 
to  push  the  limits  of  what  this  technology  could  do.  Instead  of  only  transmitting  and 
receiving  the  dots  and  dashes  of  Morse  code,  why  not  develop  telecommunication 
technology  to  transmit  and  receive  the  human  voice  or  other  sounds? 

The  human  voice  and  other  sound  waves  can  be  defined  as  an  irregular  wave.  This 
means  that  the  frequency  and  modulation  of  a voice  signal  fluctuates  and  is  not 
consistent  like  the  wireless  telegraph’s  dots  and  dashes.  This  makes  transmitting 
and  receiving  sound-wave  messages  very  difficult — but  much  more  beneficial. 

More  information  can  be  sent  by  speaking  than  by  using  Morse  code,  and  it  also 
has  the  potential  of  being  more  cost  effective. 


▼ 

transmitter : a 

device  that  sends 
radio  signals 
through  the  air  to 
receivers 

▲ 


Inventors  knew  that  whoever  developed  and  patented 
wireless  voice-communication  technology  would  stand 
to  make  a sizable  profit.  In  order  to  communicate  voice 
over  air,  inventors  needed  to  improve  the  technology  of 
transmitting  and  receiving  electromagnetic  waves.  The 
electromagnetic  waves  needed  to  carry  the  irregular 
voice  patterns  of  the  sender.  The  first  step  in  sending 
the  irregular  waves  of  voice  into  something  that  could 
be  transmitted  was  to  use  a device  called  a microphone. 

When  speaking  into  a microphone,  the  irregular  sound 
waves  are  converted  into  an  electric  current  called  an 
audio  signal. 

The  next  problem  to  overcome  was  the  generation  of  electromagnetic  waves  that 
could  carry  the  audio  signal.  The  spark-gap  generator  transmitter  used  in  wireless 
telegraphy  was  not  sufficient  to  do  the  job.  In  order  to  transmit  voice  patterns 
converted  into  an  electric  current  by  the  microphone,  the  spark-gap  generator 
needed  to  be  replaced  with  a technology  that  could  produce  continuous 
electromagnetic  waves  at  a higher  frequency. 
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1.  What  need  of  society  in  the  1800s  would  this  communication  device  fulfil? 


▼ 

alternator:  a 

device  used  to 
generate 
continuous 
electromagnetic 
waves  on  early 
wireless  devices 

The  alternator 
was  the  key  device 
in  allowing 
earlier  wireless 
communication 
to  carry  sound 
waves. 

carrier  wave: 

an 

electromagnetic 
wave  that  can  he 
modulated  in 
frequency  and 
amplitude  phase 
to  transmit 
speech,  music, 
data,  images,  or 
other  signals 

amplitude 
modulation 
(AM):  a method 
of  transmitting 
radio  signals  by 
modifying  the 
high-to-low  ranges 
of  a radio  carrier 
wave 

A 


se  with  the  one  in  the  Appendix,  Section  2:  Activity  2. 


The  Development  of  Radio  Technology 

In  the  early  1900s,  Reginald  Aubrey  Fessenden,  a Canadian-born  American 
physicist,  invented  a liquid  barretter  detector,  which  replaced  the  coherer  that  was 
used  by  Marconi.  Under  the  direction  of  Fessenden,  a General  Electric  engineer 
and  inventor  named  Ernst  Alexanderson  designed  a device  called  an  alternator  to 
replace  the  spark-gap  generator.  This  device  produced  continuous  waves  at  high 
frequencies,  which  could  carry  the  audio  signal  from  the  microphone  to  a receiver 
through  the  air.  The  new  high-frequency  wave,  known  as  a carrier  wave,  was 
combined  with  the  audio  signal.  The  combination  of  the  two  waves  was  known  as 
amplitude  modulation  (AM) 

Look  at  the  following  illustration  and  explanation  of  amplitude  modulation. 


The  first  method  used  to  transmit  sound  without  wires  was  amplitude  modulation  (AM). 
Because  voice  waves  are  irregular  waves,  a carrier  wave,  with  a regular  pattern,  is  added. To 
create  an  AM  wave,  constant  voltage  is  added  to  the  voice  signal. Then,  a carrier  wave  is 
added. This  new  wave  has  a varying  amplitude,  which  is  why  the  technique  is  called 
amplitude  modulation. 


2.  Valdemar  Poulsen  also  developed  a device  that  could  produce  a continuous 
electromagnetic  wave.  What  was  this  device,  and  why  was  Ernst 
Alexanderson’s  more  successful? 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  2. 
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Fessenden  used  this 
technology  to  make  history  on 
Christmas  Eve  in  1906  as  he 
sent  the  first  voice  message 
using  wireless  technology. 

The  amateur  wireless 
operators  who  heard  the 
message  had  a whole  new 
world  opened  to  them.  The 
possibility  of  voice 
transmission — instead  of 
dashes  and  dots  of  Morse 
code — was  beginning  to  be 
realized. 


UPI/CORBIS-BETTMAN 


Reginald  Aubrey  Fessenden 


3.  Do  research  to  find  out  what  Reginald  Fessenden  included  in  his  first  voice- 
message  presentation. 


Compare  your  responses  with  those  in  the  Appendix,  Section  2:  Activity  2. 


Initial  Radio  Improvements 


Although  Fessenden’s  Christmas  Eve  message  was  a wonderful  milestone,  there 
were  still  obstacles.  The  Ernest  Alexanderson  alternator  that  made  it  possible  to 
send  voice  messages  had  its  limitations:  it  was  big,  heavy,  and  expensive;  so  only  a 
few  people  could  afford  the  technology.  Another  problem  was  that  people  had 
trouble  hearing  Fessenden’s  Christmas  Eve  message  because  the  technology  in 
receivers  could  not  filter  out  the  noise  or  interpret  the  AM  waves  all  that  well.  The 
technology  of  the  receiver  had  to  improve  in  order  for  people  to  clearly  hear  the 
voice-message  signal. 


▼ 

diode:  a glass 
tube  radio-signal- 
detection  device 


direct  current 


(DC):  an  electric 
current  flowing  in 
one  direction 


A 


In  the  1900s,  wireless  telegraphy  used  crystals  as 
part  of  the  receiver.  They  were  inexpensive  but 
could  only  be  used  by  one  person  wearing  a set  of 
headphones.  In  1904,  Sir  John  Flemming 
improved  the  receiver  by  creating  the  diode, 
otherwise  known  as  a detector  or  rectifier.  The 
diode  improved  reception  by  using  the  electron  to 
capture  radio  waves.  The  radio  waves  were 
converted  into  direct  current  (DC)  and  then 
modified  into  signals  that  the  human  ear  could 
understand. 


Diode  Vacuum 
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▼ 

triode:  a vacuum 
tube  consisting  of 
three  electrodes — 
the  cathode,  grid, 
and  plate; 
invented  by  Lee 
De  Forest  to 
amplify  radio 
signals 


Teamwork 


▼ 

regeneration : 

the  technology  of 
strengthening  the 
received  radio 
signal  by  feeding 
the  signal  back 
into  the  circuit  to 
be  amplified  over 
and  over  again 

▲ 


▼ 

superheterodyne 
receiver:  a 

device  that  used 
two  knobs — one  to 
control  the 
frequency  and  the 
other  the  volume; 
similar  to  the 
modern  radio 


4.  How  did  the  diode  work?  How  did  it  improve  the  reception  of  wireless  voice 
messages?  Search  to  find  information  before  constructing  your  answer. 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  2. 


Lee  De  Forest  realized  some  of  the  limitations  of  the  diode. 
He  wanted  to  improve  the  amplification  of  the  signal 
received  by  the  diode.  At  the  time,  the  signal  picked  up  by 
the  antenna  was  very  weak,  making  it  hard  for  a person  to 
hear  the  message.  In  1906,  he  improved  the  receiver 
technology  by  inventing  the  triode  or  audion.  The  triode 
amplified  the  audio  signal  being  received  by  the  antenna. 


Triode  Vacuum 


5.  Explain  in  your  own  words  to  a partner  how  the  vacuum-tube  triode  amplified 
the  receiving  signal. 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  2. 


Perfecting  Radio  Technology 

An  American  electrical  engineer  and  inventor,  Edwin  Howard  Armstrong,  spent 
time  in  his  studies  figuring  out  how  De  Forest’s  triode  worked.  Through  his 
studies  he  found  a way  to  increase  or  amplify  the  power  of  a signal  through  a form 
of  feedback,  known  as  regeneration.  This  technology  replaced  the  big  bulky 
generators  used  to  produce  and  receive  electromagnetic  waves.  This  allowed 
wireless  voice  technology  to  become  smaller,  lighter,  and  more  affordable. 

6.  Although  Armstrong  is  regarded  as  the  inventor  of  regeneration,  Lee 
De  Forest  actually  holds  the  patent.  Why? 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  2. 


There  was  still  a need  to  create  a receiver  that  would 
be  both  easy  to  use  and  able  to  increase  the  quality  of 
the  sound  waves.  Armstrong  created  such  a device 
called  the  superheterodyne  receiver  ( hetero-other, 
dyne-iovce) . He  studied  Fessenden’s  observations  of 
how  waves  of  two  different  frequencies  produce  a 
third  wave  when  combined.  The  superheterodyne 
receiver  improved  the  amplifier’s  ability  to  reduce  the 
noise  or  electrical  interference  of  the  signal  while  still 
increasing  the  volume. 
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Almost  all  of  today’s  radio  receivers  are  superheterodyne  receivers.  First,  radio  waves  strike 
the  antenna  and  travel  to  the  radio  frequency  amplifier. The  amplifier  filters  unwanted  signals 
and  increases,  or  amplifies,  the  desired  frequency. Then  the  signal  travels  to  the  mixer.The 
mixer  combines  the  signal  with  signals  from  the  local  oscillator.This  new  signal  then  passes 
to  the  demodulator,  where  the  carrier  signal  is  removed. Then,  the  audio  frequency  amplifier 
strengthens  the  signal  and  passes  it  to  the  speaker,  which  broadcasts  the  sound. 


Broadcast  Radio 


▼ 

broadcasting:  to 

make  widely 
known,  over  a 
jj  broad  area,  by 
j transmitting 
I sound  or  images 
\ by  television  or 
radio 


Wireless  communication 
was  difficult  to  keep  private, 
as  anyone  who  had  the 
technology  could  eavesdrop 
on  someone  else’s  message. 

Scientists  worked  hard  at 
creating  encrypted  or  coded 
signals.  Fessenden  turned 
this  disadvantage  into  a 
positive  application  of 
wireless,  as  his  transmission 
was  intended  for  all  who 
were  equipped  to  hear  it. 

Communicating  a message 
like  Fessenden  did  to  a large 
audience  became  known  as  broadcasting.  Soon  after,  the  term  radio  (producing 
an  image  of  waves  radiating  in  all  directions)  began  replacing  the  name  wireless. 
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Radio  broadcasting  has  made  it  possible  to  share  information  freely  and  very 
quickly. 


i 
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▼ 

frequency 
modulation 
(FM):  a method 
of  transmitting 
radio  signals 
where  the 
frequency  of  the 
electromagnetic 
wave  is 
modulated 

A 


Taking  Advantage  of  High  Frequencies  on  the  Spectrum 

Edwin  Howard  Armstrong  continued  to  find  new  ways  to  improve  radio  technology. 
Through  his  studies  of  bandwidth,  he  found  a new  way  to  encode  voice  into  a radio 
wave.  The  technique  is  called  frequency  modulation  (FM).  Instead  of  modulating 
the  amplitude  of  the  electromagnetic  wave  (as  in  amplitude  modulation) , the 
frequency  of  the  electromagnetic  wave  is  modulated.  This  technique  improves  the 
signal  clarity  because  noise  changes  the  amplitude  of  a signal,  which  affects  AM 
more  than  FM.  FM  is  used  extensively  in  two-way  communication  systems,  such  as 
police  cars,  taxi  cabs,  and  military  communications.  Because  of  its  reliability,  FM 
was  used  during  World  War  II  and  later  became  the  wave  of  choice  for  transmitting 
the  sounds  of  television.  It  is  now  used  to  broadcast  stereo  radio  stations.  Look  at 
the  following  illustration  and  explanation  of  frequency  modulation. 


An  FM  signal  is  much  like  an  AM  signal,  except  that  frequency  is  changed  instead  of 
amplitude. To  create  an  AM  or  an  FM  wave,  the  irregular  voice  wave  and  the  carrier  wave 
are  combined.  In  an  AM  signal,  an  increase  or  decrease  in  the  amplitude  of  the  voice  causes 
an  increase  or  decrease  in  the  amplitude  of  the  AM  signal.  However,  in  an  FM  signal,  as  the 
amplitude  of  the  voice  wave  increases  or  decreases,  the  frequency  of  the  FM  signal  is 
increased  or  decreased. 


7.  Why  do  FM  signals  have  a better  quality  than  AM  signals? 


FM  Broadcasting  Encounters  Opposition 

Since  FM  signals  are  of  a better  quality  than  AM,  why  didn’t  they  become  popular 
at  once?  Why  did  RCA,  who  supported  Armstrong  as  he  developed  AM 
technologies,  suddenly  drop  their  support  as  he  developed  FM?  The  reason  is  that 
the  AM  industry  was  already  strong  and  not  eager  for  competition,  and  the 
television  industry  was  just  beginning  and  that  was  RCA’s  focus.  The  government 
also  passed  laws  that  hindered  the  development  of  the  FM  industry. 
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To  make  matters  worse,  as  the  television  industry  grew,  radio  began  to  lose  some 
of  its  audience,  especially  at  night.  Television’s  biggest  limit,  however,  was  that  it 
was  confined  to  studio  broadcasting.  Radio,  on  the  other  hand,  focused  on  remote, 
on-the-spot  broadcasting. 


: ▼ 

transistor:  solid- 
state  circuitry 
; made  of 
semiconductors 
that  replaced 
vacuum  tubes  as 
detection  and 
j receiving  devices 
in  radio 

transmitters  and 
I receivers 


▼ 

| high-fidelity 
(hi-fi):  the 

reproduction  of 
an  effect  (as 
sound  or  an 
jj  image ) with  a 
i high  degree  of 
|i  faithfulness  to  the 
original 


Radio  needed  to  become  even  more  portable  so  the  vacuum  tubes  needed  to  be 
improved.  In  1948,  Walter  Brattain,  John  Bardeen,  and  William  Shockley  created  a 
device  to  replace  vacuum  tubes  called  the  transistor.  Because  of  this,  in  1954, 
portable  radios  became  readily  available  to  the  public.  They  were  small  enough  to 
hold  in  your  hand.  Many  teenagers  of  that  time  would  avidly  listen  to 
“rock-and-roll,”  the  new  music  of  that  era. 


In  the  1950s,  FM  radio  began  to  grow  again  despite  the  effort  of  AM  broadcast 
owners  to  squash  the  technology. 


FM  stations  could  play  hi-fi  records  over  the 
airwaves  with  better  quality  than  AM  because  FM 
has  a wider  bandwidth  available  than  AM.  As  a 
result,  FM  can  pick  up  the  very  high-and  low- 
frequency  sound  waves  transmitted  from  a stereo 
recording.  In  1961,  the  first  FM  station  was 
granted  a broadcasting  licence.  Today,  there  are 
more  FM  stations  than  AM. 

8.  Why  do  you  think  high-fidelity  radio  listening 
was  possible  only  on  FM? 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  2. 


Society  was  no  longer  bound  by  the  limits  of 
using  wires  for  communication.  As  wireless 
communication  improved,  it  went  from 
simply  communicating  tones  to 
communicating  voice.  The  development 
of  broadcast  radio  made  it  easier  for 
people  to  transfer  information, 
increase  their  knowledge,  and  extend 
their  potential.  The  next  step  was  to 
develop  a way  to  communicate 
pictures. 
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ACTIVITY  3 


Communicating 
Picture—1 Through  Thin 

Air 


Imagine  what  it  would  be  like  not  to  have  television.  No  MuchMusic  videos, 
Saturday-morning  cartoons,  or  Hockey  Night  in  Canada.  You  would  be  visually 
isolated  from  the  rest  of  the  world.  Today,  pictures  are  broadcast  at 
the  speed  of  light  from  around  the  world  to  your  living  room  via  relay, 
transmitting,  and  receiving  technologies  (such  as  satellite  and  microwave) . 

In  Activity  3 you  will  do  the  following: 

• understand  why  picture  communication  systems  developed 

• learn  about  the  challenges  the  inventors  of  this  technology  had  to  overcome 
in  order  to  make  picture  communication  through  thin  air  a reality 

• understand  how  the  technology  of  television  evolved 

• appreciate  the  infrastructure  obstacles  inventors  must  generally  overcome  to 
get  their  ideas  to  market  in  a profitable  way 

• understand  further  principles  of  transmitting  light  waves,  satellites,  and 
microwaves 
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Think  About  and  Discuss 


Discuss  with  older  people  what  television  was  like  when  it  was  first  available. 
What  was  the  quality  like?  What  kinds  of  programs  were  shown?  What  choices 
did  viewers  have? 


When  television  was  first  invented,  people  did  not  realize  how  popular  it  would 
become.They  also  did  not  expect  the  problems  that  have  come  along  with  television 
use. What  kinds  of  problems  have  been  linked  to  watching  television? 


Visit  or  consult  an  outlet  that  sells  satellite  dishes  (receivers)  for  TV  reception.  Who 
are  their  customers?  What  advantages  are  there  with  linking  to  a TV  satellite?  What 

faster  to  heat  a baked  potato  compared  to  a bowl  of  soup. 

Investigate  how  you  would  go  about  becoming  a ham  operator. 


MHz:  megahertz, 
a unit  of 

frequency  equal  to 
one  million  hertz 


Bandwidth  Challenges 

Many  of  the  pioneers  in  communication  technology  hoped  for 
a day  when  sending  pictures  over  a wireless  system  would  be 
possible.  By  the  early  1900s,  voice  and  telegraph  data  were 
being  successfully  transmitted  through  the  airwaves. 

The  challenge  for  scientists  would  be  to  build  what 
nature  had  perfected  in  the  human  eye.  The  eye  acts 
as  a receiver,  capturing  light  waves  that  have  been 
reflected  off  objects  in  your  surroundings.  The  retina 
interprets  the  light  signals  and  transposes  them  into 
electronic  pulses,  which  your  brain  decodes  into  your 
interpretation  of  how  you  view  light.  Trying  to  build 
mechanical  equipment  similar  to  the  eye  was  one  of 
the  greatest  challenges  that  pushed  to  the  limit  the 
imagination,  creativity,  and  resourcefulness  of  the 
people  and  organizations  involved  in  developing  this 
technology. 


The  greatest  challenge  was  bandwidth.  How  do  you  get  all  of  that  information  onto 
a signal  using  radio-transmission  technologies  of  the  early  1900s?  Radio 
bandwidths  were  still  too  small  to  carry  even  a fraction  of  the  amount  of 
information  that  your  eye  can  receive.  Developers  knew  that  if  they  could 
transmit  at  higher  frequencies,  more  information  could  be  carried.  Colour  images 
take  up  enormous  amounts  of  bandwidth,  but  what  about  black  and  white  images? 
Scientists  figured  out  that  non-colour  pictures  could  be  transmitted  at  frequencies 
between  30  to  300  MHz 
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1.  Why  do  you  think  black-and-white  television  was  created  before  colour 
television? 


>nse  with  the  one  in  the  Appendix,  Section  2:  Activity  3, 


T 

laser:  a device 
able  to  emit  a 
tiny  beam  of 
electromagnetic 
energy  in  the 
visible  light 
spectrum 


The  Photophone  and  Laser  Light 

Many  ideas  were  pursued.  One  experiment,  called  the  photophone,  used  the 
concept  of  light  waves  to  transmit  voice  information.  It  was  developed  by 
Alexander  Graham  Bell  and  demonstrated  in  1880.  The  device  was  only  used  to 
transmit  sound  waves,  because  the  technology  was  not  available  to  produce  a 
strong  enough  image  that  could  work  during  the  night  or  be  unaffected  by 
weather. 

It  wasn’t  until  the  1960s  that  the  concepts  learned  from  the  photophone 
experiment  would  help  establish  the  operating  principles  of  laser  communication, 
where  lasers  transmit  information  by  light  through  the  air  or  fibre-optic  cables. 

The  photophone  was  put  on  the  shelf  because  the  technology  to  modulate  the  light 
with  a constant  wave  required  tools  not  yet  in  existence.  As  technology  improved 
in  the  mid-1900s,  scientists  began  to  revisit  some  of  the  workings  of  Bell’s 
photophone.  The  development  of  lasers  evolved  from  Bell’s  work. 

Search  to  find  information  about  lasers  and  Bell’s  photophone. 

2.  How  did  the  photophone  work? 

3.  Give  three  examples  of  how  lasers  are  used  today. 


Compare  your  responses  with  those  in  the  Appendix,  Section  2:  Activity  3. 


Philo  T.  Farnsworth 


Many  inventors  tried  to  create 
wireless  picture-communication 
devices.  Some  had  a fair  bit  of 
success.  The  obstacles  in  creating 
the  technology  that  would  produce 
a good  working  picture  seemed 
insurmountable.  Finding  financial 
backing  and  educating  people 
about  the  possible  applications  of 
such  a device  would  test  the 
character  of  those  who  had  a stake 
in  this  technology. 


UPI/CORBIS-BETTMAN 


Philo  T.  Farnsworth 
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At  the  age  of  13,  Philo  T.  Farnsworth  envisioned  trapping  light  in  an  empty  jar  and 
transmitting  it,  one  line  at  a time,  over  a magnetically  deflected  beam  of  electrons. 
Farnsworth  was  a young  man  with  ideas  ahead  of  his  time.  He  was  an  avid  scholar 
of  electricity  and  communication  and  knew  about  some  of  the  earlier  devices  that 
inventors  had  used  to  try  to  transmit  pictures  through  thin  air. 

At  the  age  of  19,  his  ideas  led  him  to  San  Francisco,  where  he  was  backed  by 
people  who  saw  potential  in  his  theories.  He  set  up  a lab  and  proceeded  to  make 
history.  Imagine  being  19  years  old  and  having  your  own  scientific  lab.  What 
challenges  do  you  think  he  faced? 

At  this  lab,  he  successfully  carried  out,  with  his  lab  team,  the  first  demonstration  of 
converting  images  using  light  beams  into  electromagnetic  waves  and  then  back 
into  visible  light.  In  the  mid-1920s,  he  created  the  first  electronic  television-camera 
tube,  called  an  image  dissector.  This  device  transmitted  an  image  by  dissecting  it 
into  individual  elements.  The  individual  elements  were  transmitted  and  reproduced 
on  an  image  oscillator,  an  Erlenmeyer  flask.  This  was  the  first  picture  tube. 

Farnsworth’s  technology  would  prove  to  be  far  superior  than  the  sprocket-hole 
method  of  transmitting  pictures  through  air.  Farnsworth  spent  the  next  20  years 
perfecting  technology  by  improving  the  camera,  the  signal  strength,  and  the 
receiver. 

RCA  (Sarnoff  and  Zworykin)  Versus  Farnsworth 

In  a bid  to  maintain  a monopoly  of  the  wireless  waves,  Sarnoff,  the  president  of 
RCA,  knew  that  he  would  have  to  control  the  patents  for  wireless  picture 
communication.  He  learned  of  a Russian  scientist  named  Vladimir  Zworykin  who 
had  been  doing  some  studies  in  this  field.  Before  Zworykin  showed  up  to  work, 
Sarnoff  wanted  him  to  stop  in  San  Francisco  and  learn  what  Farnsworth  was 
doing — “a  spy  in  disguise!” 

Zworykin  never  disclosed  his  real  purpose  in  being  there,  only  that  he  was  an 
inventor  interested  in  Farnsworth’s  work.  Zworykin  learned  of  the  genius  of 
Farnsworth’s  approach  to  transmitting  pictures  through  thin  air.  He  took  many  of 
Farnsworth’s  secrets  back  to  RCA’s  labs. 

4.  Search  for  information  about  Zworykin,  RCA,  and  the  development  of 

television.  What  credit  is  Vladimir  Zworykin  given  in  the  development  of  the 
television? 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  3. 


In  later  years,  RCA  lawyers,  under  Sarnoff’s  direction,  would  take  Farnsworth  to 
court  for  violating  RCA’s  patents.  Sarnoff  had  hoped  that  the  legal  battle  would 
destroy  Farnsworth  and  his  financial  backer,  thus  giving  RCA  complete  control 
over  all  the  patents  relating  to  TV. 
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Television  Broadcasting 

Imagine  what  it  would  be  like  seeing  a television  broadcast  for  the  first  time?  You 
would  be  amazed  with  the  new  technology.  In  1935-36,  Farnsworth,  with  financial 
backing  from  his  partner,  set  up  one  of  the  first  television  studios  in  Philadelphia. 
Two  other  companies,  RCA  and  Philco  (whom  Farnsworth  once  worked  with),  also 
tried  broadcasting  TV  signals.  Farnsworth’s  technology  was  far  superior.  He 
also  developed  the  first  electronic  video  switcher,  allowing 
the  producer  in  the  studio  to  switch  from  one 
camera  angle  to  another.  Farnsworth’s 
discoveries  made  him  a celebrity. 

These  early  television  broadcasts  had  very  poor 
quality.  The  screens  were  so  small  that  a person 
had  to  sit  very  close  to  and  directly  in  front  of 
them  in  order  to  see  the  black  and  white  picture. 

In  spite  of  this,  the  impact  television  had  on  the 
public  was  tremendous. 

5.  At  first,  people  thought  that  the  value  of  television  would  be  strictly  for 
entertainment.  What  other  purposes  did  television  serve? 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  3. 


Public  broadcasting  began  in  the  late  1920s  and  accelerated  throughout  the  1930s. 
Soon  after  World  War  II,  many  stations  began  appearing,  and  regulations  and 
regulatory  bodies  became  more  of  an  issue. 

As  with  radio,  the  use  of  vacuum  tubes  in  television  greatly  declined  during  the 
late  1960s.  They  were  replaced  with  transistors,  integrated  circuits,  and  other 
solid-state  electronic  devices  that  are  much  smaller  and  require  much  less  power. 

Colour  television  has  become  the  standard,  and  the  majority  of  homes  in  North 
America  have  at  least  one  colour  television.  Choices  of  programming  have  now 
become  of  public  interest,  and  technologists  are  working  to  develop  cost-effective 
systems  that  will  allow  viewers  to  customize  their  choices  to  meet  their  wants  and 
needs. 

Improvements  to  Wireless  Communications  Technologies 

Many  of  the  world’s  greatest  technological  developments  seem  to  occur  during 
times  of  war.  One  reason  for  this  is  that  a government  will  do  anything  to  get  an 
advantage  over  the  enemy.  Therefore,  enormous  amounts  of  resources  are  often 
poured  into  research  and  development. 
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6.  Can  you  think  of  two  technologies  that  were  created  during  wars  or  by  the 
military  that  are  used  today  by  civilians? 


! 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  3. 


Many  new  technologies  were  developed  during  World  War  II  that  took 
communication  to  the  next  level. 


The  US  Navy  needed  to  develop  a 
communication  device  that  would  detect 
approaching  enemy  aircraft  or  submarines 
before  they  were  visible,  thus  allowing  for  a 
quicker  response  time.  A technology  called 
radar  (radio  detection  and  ranging)  was 
developed  to  transmit  very  high-frequency 
electromagnetic  waves.  The  wave  bounced  off 
an  object  and  returned  to  the  transmission 
source.  A receiver  picked  up  the  returning  wave, 
and  the  radar  operator  heard  the  signal  or 
viewed  it  on  a screen.  Besides  detection,  radar 
would  also  determine  the  distance  to  the  object. 


7.  Knowing  that  radio  waves  travel  at  the  speed  of  light,  how  was  this  distance 
calculated?  Do  a search  of  the  topic  radar. 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  3. 


▼ 

microwave:  a 

very  short 
electromagnetic 
wave  that  can  be 
used  to  carry 
telephone 
messages  through  . 
the  atmosphere 

GHz:  gigahertz, 

| a unit  of 
\ frequency  equal  to 
! one  billion  hertz 


Radar  development  would  open  the  door  for  new  communication  opportunities  on 
an  unused  part  of  the  electromagnetic  spectrum.  The  wave  generated  by  radar 
technology  had  a very  high  frequency.  This  higher  frequency  also  had  greater 
bandwidth,  which  was  what  the  television  industry  needed.  Radar  technology  laid 
the  groundwork  for  the  defining  of  the  microwave-frequency  spectrum. 

Microwaves  have  a frequency  of  1 GHz  to  300  GHz.  Their  wavelength  is  shorter 
than  high-frequency  radio  waves.  This  offers  a larger  bandwidth  that  can  carry 
enormous  amounts  of  information.  Like  high-frequency  radio  signals,  microwaves 
are  transmitted  into  the  atmosphere  along  a chosen  channel. 

Transmission  Channels 


propagating: 

causing  to  spread 
out  and  affecting 
a greater  area, 
extending; 
transmitting  (as 
sound  or  light) 
through  a 
medium 


The  launching  of  a signal  from  the  antenna  into  the  atmosphere  is  known  as 
propagating.  Radio  waves,  light  waves,  or  microwaves  are  propagated  into  the 
atmosphere  as  three  different  types  of  waves: 


• ground  waves 

• direct  waves 

• sky  waves 
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Ground  Waves 


Ground  waves  are  used  by  many 
AM  radio  stations.  The  signal  is 
propagated  using  the  entire 
length  of  the  antenna.  The  signal 
can  travel  long  distances,  and  it 
follows  the  curvature  of  Earth. 

The  distance  travelled  depends 
on  the  power  of  the  signal  and 
the  conductivity  of  Earth’s  soil. 

The  low-to-mid-range 
frequencies  on  the  radio 
spectrum  operate  best  with  this  method. 


Direct  Waves 

Microwaves  are  transmitted 
using  the  direct-wave 
propagation  technique. 

Television,  FM  radio  stations, 
the  military,  and  others  who  use 
microwaves  as  an  information 
carrier,  transmit  using  a method 
called  line  of  sight.  Microwave 
transmission  towers  have  a range  of  about  45  kilometres.  Next  time  you  are  driving 
or  walking,  see  if  you  can  spot  a microwave  tower. 

Sky  Waves 

Have  you  ever  heard  of  the 
term  hams?  Hams  are  amateur 
radio  operators  who  use  short- 
wave radio  signals  to  try  and 
communicate  with  other  hams 
locally  or  around  the  world.  The 
transmission  of  short-wave  or 
high-frequency  radio  is  called  a 
sky  wave.  Sky  waves  are 
propagated  into  the  upper 
atmosphere,  called  the 
ionosphere.  The  ionosphere 
has  electrical  properties,  which  cause  the  signal  to  refract  and  bounce  back  to  a 
receiving  antenna  on  Earth.  If  atmospheric  conditions  are  ideal,  a radio  signal  can 
travel  around  the  world  through  a sky-wave  channel.  Medium  and  high  frequencies 
are  used  for  this  propagation  technique. 


Direct  Wave 
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On  November  19,  1948,  MT&T  established  the  first  commercial  link  in  the  world 
between  PEI  and  Nova  Scotia.  In  1958,  the  coast-to-coast  Trans-Canada  Microwave 
Network  was  established. 

Satellite  Technology 


i 


Up  until  the  1960s,  scientists, 
governments,  the  military, 
and  business  relied  heavily  on 
underwater 

telecommunication  cables, 
wireless  repeater  stations,  or 
part  of  the  upper  atmosphere 
to  send  signals  back  and  forth 
between  the  continents.  With 
the  development  of 
microwave  transmission, 
television  and  radio  grew  in 
use  and  filled  the  radio 
spectrum.  A need  for  other 
wireless  technologies  to 
connect  the  world  together  through  a global  communications  network  was  needed. 
The  space  age  created  new  opportunities  for  building  a global  telecommunications 
system. 


I 


I]  T 

j geostationary 
Earth  orbit:  an 

| orbit  of  Earth 
| made  by  an 

J]  artificial  satellite, 
where  the  satellite 

j appears  to  be 
stationary 

\ A 


Arthur  C.  Clarke  proposed  in  1945  that  extraterrestrial  relays  could  be  used  above 
Earth’s  surface  to  relay  radio  waves.  He  explained  how  only  three  relay  stations 
(satellites)  would  be  needed  to  cover  Earth.  Signals  could  be  relayed  up  and  down 
to  Earth  off  the  satellite  at  the  speed  of  light.  The  satellites  could  be  in  a 
geostationary  Earth  orbit,  which  is  a circular  orbit  36  000  kilometres  above  the 
Earth. 

On  October  4,  1957,  the  Soviet  Union  launched  the  first  artificial  satellite.  It  was 
called  Sputnik  1.  It  operated  for  three  months  and  transmitted  radio  signals  back  to 
Earth.  It  was  also  instrumental  as  a scientific  tool  for  discovering  radiation  belts  in 
the  atmosphere.  This  was  during  the  Cold  War,  and  the  American  government  saw 
this  as  a strategic  advantage  for  the  Soviet  Union.  The  United  States  pumped 
millions  of  dollars  into  research  and  development  for  space  flight  and  satellite 
communication  technology. 


For  governments,  satellites  bring  a whole  new  advantage — spying  on  other 
countries.  The  USA  developed  the  first  spy  satellite  known  as  Corona.  The 
photographs  taken  by  this  satellite  were  recently  declassified  so  scientists  could 
use  them  for  research. 
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8.  Research  satellites  and  list  five  practical  applications  for  science  or  business 
use  other  than  spying. 


your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  3. 


How  Satellites  Work 


One  of  the  biggest 
challenges  in  setting  up  a 
satellite  for 

communication  is  getting 
the  satellite  into  space 
and  into  the  correct  orbit 
around  Earth.  Many 
things  can  go  wrong  just 
trying  to  get  a satellite  up 
and  running.  The  people 
who  build  the  technology 
have  to  be  absolutely  accurate,  or 
millions  of  dollars  in  communication 
technology  will  become  space  junk  or 
will  be  burned  up  in  Earth’s  atmosphere 


Solar  Cells 


Microwave 

Dish 

Antenna 


Radio  Antenna 


T 

Earth  position 
sensors:  devices 
that  sense  things 
such  as  light, 
temperature, 
sound,  or 
pressure 

propulsion 
rockets:  rockets 
used  to  propel  a 
satellite 
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To  make  satellites  more  economical,  a way  was  found  to  keep  them  in  orbit  for 
years.  Satellites  are  equipped  with  little  rockets  that  fire  when  the  satellite  gets  too 
far  out  of  position.  Earth  position  sensors  on  the  satellite  act  as  a compass  or 
guidance  system.  If  the  sensor  detects  that  the  satellite  is  off  course,  propulsion 
rockets  fire  on  the  satellite,  correcting  its  path. 


Satellites  have  the  advantage  of  being  able 
to  transmit  and  receive  a variety  of  signals, 
from  Telex  to  colour  television, 
simultaneously  around  the  world. 
Communication  satellites  are  called 
Telesats  or  Comsats.  Early  Bird  (1965) 
could  carry  up  to  240  simultaneous 
telephone  calls.  Olympus  1 (1990)  could 
carry  30  000  transmissions,  greatly 
increasing  the  bandwidth. 

• September  29,1962— Alouette  1, 
Canada’s  first  orbiting  satellite  is 
launched. 


• September  1,  1969 — Telesat  Canada  develops  the  world’s  first  geostationary 
satellite  system.  Telesat  Canada’s  Anik  B satellite  is  launched  and  carries  the 
world’s  first  commercial  TV  service  in  the  14/12  GHz  frequency  range. 
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▼ 

transponders:  a 

radio  or  radar  set 
that,  upon 
receiving  a 
designated  signal, 
emits  a radio 
signal  of  its  own; 
used  for  the 
detection, 
identification, 
and  location  of 
objects 


T 

feedhorn:  part 
of  a satellite  that 
passes  the 
microwave  signal 
to  the  receiving 
transponder 

A 


Satellites  carry  a number  of  transponders,  which  transmit  a signal  to  anywhere 
on  Earth  within  the  range  of  the  satellite.  A television  signal  might  have  one 
transponder  to  itself,  while  another  transponder  carries  hundreds  of  telephone 
calls.  Read  the  following  example  to  see  how  a transponder  works. 


Suppose  you  are  here  in  Canada  watching  a terrific  soccer  game  that  is  taking  place  in 
England. What  process  takes  place  to  allow  this  to  happen? 


At  a sporting  event  such  as  a soccer 
game,  the  television  cameras  pick  up  the 
light  waves  and  convert  them  to 
electrical  waves,  sending  them  through  a 
transmitting  dish  to  the  TV  broadcasting 
centre. The  broadcasting  station  converts 
the  frequency  of  the  wave  into  a 
microwave  and  transmits  it  to  a ground 
station. The  ground  station  must  convert 
to  the  satellite  uplink  frequency  and 
boost  the  signal  with  a high-powered 
iplifier.A  feedhorn  on  the  receiving  dish 
passes  the  microwave  signal  (which  has  been 
weakened  by  the  noise  of  the  medium-air,  space,  and  distance)  onto  the  receiving 
transponder. The  responder  then  filters  out  the  background  noise  and  then  amplifies  the 
signal  and  passes  it  onto  a transmitting  transponder  on  the  satellite.  A special  device,  called 
a down  converter,  on  the  transponder  changes  the  frequency  of  the  signal  to  match  the 
downlink  of  the  ground  station  to  which  it  is  travelling.  After  it  is  converted,  a high-powered 
amplifier  boosts  the  signal  and  then  filters  it. The  transmitting  dish  directs  the  signal  down 
to  Earth  to  another  satellite  ground  station.  It  is  then  transferred  to  your  local  TV 
transmitter. Then  the  signal  is  transmitted  to  your  home  receiver  where,  after  being 
transmitted  by  amplifiers  and  boosters,  the  signal  is  received  by  your  picture  tube. 


With  television,  both  picture  and  sound  are  converted  to  signals  that  are  sent 
through  the  air  or  over  a cable.  A TV  receiver  converts  these  signals  to  the 
pictures  seen  and  the  sounds  heard  on  television.  What  an  invention!  Every  aspect 
of  our  culture  has  felt  the  impact  of  mass  communication. 


Now  Earth  is  encircled  by  human-made 
satellites  that  form  an  intricate  web  of  invisible 
electromagnetic  and  light  waves.  This  web 
binds  the  world  together  with  a continuous 
exchange  of  video,  audio,  and  data 
information.  Imagine  how  many  signals 
are  passing  through  the  air  constantly! 
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ACTIVITY  4 


T 

infrared:  lying 
outside  the  visible 
spectrum  at  its 
red  end;  the 
thermal  radiation 
of  wavelengths 
longer  than  those 
of  visible  light 


Digital  Communication 

Tina  uses  a laptop  computer  while  sitting  in  her 
electric  wheelchair.  Her  chair  is  battery  operated,  so 
she  is  not  restricted  in  her  movement.  Her  laptop 
computer  is  also  battery  operated.  Wireless 
infrared  technology  permits  her  laptop  to 
communicate  with  the  printer  and  modem  from 
anywhere  in  the  room.  Wireless,  encrypted 
technology  also  permits  the  secure  connection  from 
her  home  to  the  office  LAN  of  the  major  Calgary  oil 
company  for  which  she  is  providing  contract 
services. 

Wireless  technology  has  removed  many  barriers 
and  changed  the  lifestyles  of  many  people. 

In  Activity  4 you  will  do  the  following: 

• discuss  the  benefits  of  digital  communication  versus  analog  communication 

• describe  how  pulse  code  modulation  works 

• learn  how  one-way  and  two-way  communication  systems  operate  in  digital 
systems 

• learn  how  the  digital  system  is  used  in  computers 

• learn  about  various  applications  of  wireless  digital  technology  (e.g., 
conferencing,  wireless  LANs) 


Think  About  and  Discuss 


Once  data  has  been  converted  to  digital  code,  it  can  be  easily  altered.  For  example, 
photographs  can  be  digitized  and  then  altered.  Knowing  this,  can  you  assume 
photographs  are  proof  of  anything?  Can  they  still  be  valid  sources  of  court 
documentation?  In  terms  of  advertising  or  reporting,  what  ethics  are  involved 


Plastic  surgeons  and  police  departments  both  use  this  technology  when  building 
pictures  of  people.  What  other  advantages  are  possible  with  this  technology? 


• Think  of  the  jobs  and  professions  that  benefit  from  pagers  and  cellular  phones. 
What  are  the  disadvantages? 
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Going  Beyond  the  Capabilities  of  Analog  Systems 


As  wireless  technologies  have  evolved,  the  number  of  people  using  these 
technologies  has  increased.  As  a result,  the  available  unused  bandwidth  is 
diminishing.  With  wired  technologies,  the  bandwidth  can  be  increased  by  adding 
more  wires.  But  with  wireless  technologies  the  energy  spectrum  cannot  be 
increased;  so  new  technologies  are  required  to  enhance  our  use  of  the  available 
spectrum. 

The  development  of  digital  communication  systems  has  expanded  the  capacity  of 
wireless  communications.  Digital  communication  differs  from  analog  in  the 
precision  of  the  signal.  Digital  is  very  precise  (such  as  whole  numbers,  or  black 
and  white)  compared  to  analog,  which  can  vary  continually  (such  as  real  numbers, 
or  black,  white,  and  various  shades  of  grey).  Digital  communication  is  based  on 
binary  arithmetic,  which  requires  two  precise  states:  On  and  Off,  or  0 and  1. 


pulse  code 
jj  modulation 
I ( PCM):  a form  of 
\ digital  modulation 
I where  the  code 
|j  refers  to  a binary 
word  representing 
digital  data 

'■[A 


The  first  step  towards  digital 
communication  occurred  in  1937  when 
Claude  Shannon  developed  electronic 
circuits  that  could  handle  binary 
arithmetic.  Binary  arithmetic  is  the  basis 
of  the  logic  systems  used  by  computers. 
Our  counting  system  is  based  on  powers 
of  10.  Binary  is  based  on  powers  of  2. 


With  the  binary  system,  when  you  press  a 
key  on  the  computer  keyboard,  the  symbol 
is  automatically  converted  into  a form  that 
the  computer  can  understand.  For 
example,  the  letter  Z is  the  same  as 
10001101. 

Search  to  find  out  more  about  the  binary  system  and  pulse  code  modulation 
(PCM). 


1.  What  is  the  binary  equivalent  of  0 to  10? 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  4. 


The  Development  of  Computers 

The  development  of  the  first  computers  followed  the  development  of  digital 
communication.  These  first  computers  were  costly,  gave  off  a lot  of  heat,  and  were 
very  large  because  vacuum-tube  electronics  were  used. 

The  Harvard  Mark  I computer  that  Howard  Aiken  completed  in  1944  weighed 
11.2  tonnes  (five  tons),  was  15.7  metres  (17  yards)  long,  and  2.46  metres  (8  feet) 
high. 
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▼ 

microchip:  a 

modern  device 
that  contains 
thousand  of  tiny 
transistors 

This  technology  is 
the  foundation  for 
digital 

communication. 


In  1948,  the  transistor  was  invented.  A transistor  works  much  like  a vacuum  tube, 
controlling  the  electric  current.  When  used  in  a computer  circuit,  it  is  like  a 
switch — either  current  flows,  or  it  doesn’t.  Transistors  are  much  smaller  and 
generate  less  heat.  They  replaced  vacuum  tubes  in  radios,  televisions,  and 
computers.  This  improvement  reduced  the  size  of  computers  and  increased  their 
speed  significantly. 

Eventually,  engineers  developed  a way  to  put 
large  numbers  of  transistors  onto  a very 
small  piece  of  silicon.  These  tiny  squares  of 
silicon  are  called  microchips,  or  integrated 
circuits.  Microchips  have  replaced  regular 
transistors  in  computers,  further  reducing 
the  size  and  cost  of  computers. 


Silicon,  the  basis  for  the  microchip,  is  the  same  material  that  makes  up  ordinary 
beach  sand. 

Once  computer  technology  was  in  widespread  use,  many  other  applications  of 
digital  systems  appeared  beyond  “crunching”  numbers  and  playing  video  games. 
One  application  was  to  improve  the  signal  quality  of  voice  and  music  recordings. 
Analog-type  circuits  had  extra  noise  associated  with  them  that  could  be  eliminated 
by  converting  the  signal  to  a digital  form.  That’s  why  you  hardly  ever  see  a vinyl 
record  any  more.  Instead,  there  are  compact  discs  using  pulse  code  modulation. 
Cellular  phones  are  now  switching  from  analog  to  digital. 


One-Way  Digital  Communication — Pagers 


As  new  telecommunication  technologies  evolve,  the 
main  emphasis  seems  to  be  on  improving  the  quality. 
The  trend  now  is  portability  and  convenience.  Pagers 
are  both  portable  and  convenient  for  some  people. 
Pagers  are  personal  radio  receivers  that  include  a 
special  decoding  capability.  An  individual  pager  can  be 
reached  either  by  phoning  a special  telephone 
exchange  and  then  a unique  number  for  the  pager,  or 
by  dialling  a direct  phone  number  for  the  pager. 

The  message  is  converted  to  digital  data,  encoded, 
and  distributed  to  remote  transmitters.  One  service 
provider  may  have  up  to  254  transmitting  antenna 
spread  all  around  a city,  all  sending  out  the  same 
signal  at  the  same  time  at  the  same  frequency.  The 
pager  receives  the  signal  from  the  transmitter  that 
gives  the  strongest  signal  at  that  location. 
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The  signal  itself  has  several  parts.  There  is  a preamble  before  the  actual  message 
that  synchronizes  the  pager  so  that  it  can  turn  itself  off  if  the  signal  is  not  for  it  and 
then  turn  itself  back  on  when  the  next  signal  packet  is  about  to  be  transmitted. 
Then  comes  the  message,  which  is  stored  in  batches.  The  size  of  the  batches  is 
determined  by  the  type  of  pager  and  the  message  being  sent. 

I 

1 There  are  three  main  types  of  pagers: 

• Tone-Only  Pagers 

This  type  of  pager  notifies  the  user  with  a beep  or  vibration  that  a message  is 
being  received.  It  does  not,  however,  contain  any  information  about  the 
message.  The  user  then  phones  an  answering  service  to  get  the  message.  It 
j is  possible  to  transmit  different  types  of  alerts  to  a tone-only  pager.  For 

example,  four  short  beeps  and  two  long  beeps  can  mean  different  things. 

• Numeric  Pagers 


( T 

i 

] LCD:  liquid 
crystal  display,  a 
constantly 
|i  operating  display 
I of  segments  of 
j’  liquid  crystal  or 
nematic  fluid 
activated  by  low- 
! powered  voltage 

i ▲ 


Numeric  pagers  allow  the  caller,  either  through  a touch-tone  telephone  or 
through  an  operator,  to  leave  a numeric  message  such  as  a telephone 
number.  The  pager  carries  an  LCD  capable  of  storing  and  displaying  numeric 
digits.  When  activated  by  the  magnetic  field  of  voltage,  the  energized 
segments  of  the  LCD  appear  black  on  a shiny  surface,  and  the  nonenergized 
segments  are  nearly  invisible.  LCD  is  widely  accepted  because  it  requires  low 
power  consumption  and  it  operates  in  brightly  lit  areas  and  in  sunlight. 

• Alphanumeric  Pagers 

Alphanumeric  pagers  allow  the  person  calling,  through  an  operator  or  via  a 
computer  and  modem,  to  leave  a typed  message  of  any  kind.  The  pager  has 
an  LCD  capable  of  storing  and  displaying  messages  with  either  numerals  or 
letters. 

A more  sophisticated  paging  system  is  now  in  use  by  many  taxi  companies  to  send 
addresses  to  their  cars. 


2.  Can  you  think  of  other  one-way,  digital  system  applications? 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  4. 

Two-Way  Digital  Communication 

The  development  of  one-way  digital  communication  has  satisfied  the  demand  for 
more  portability  and  convenience.  The  development  of  two-way  communication — 
the  cellular  phone — has  also  helped  satisfy  the  needs  of  people. 
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There  are  five  components  to  a cellular  phone  system: 


• Handset  and  Transceiver 

This  can  be  attached  to  a frame  in  a vehicle,  a 
transportable  unit  that  is  placed  in  a briefcase, 
or  a hand-held  phone. 

• Service  Area 

Calls  within  this  area  are  considered  local 
calls.  It  can  be  a city,  a town,  rural  areas,  or  a 
combination.  There  can  be  many  different 
cells  in  one  service  area. 

• Cells 

Service  areas  are  divided  into  cells,  which  range  from  3 to  45  kilometres  (2  to 
30  miles)  wide,  depending  on  population  density.  There  can  be  a maximum  of 
approximately  100  simultaneous  “analog”  conversations  per  cell,  or  over  500 
on  the  newer  digital  systems. 

• Low-Power  Radio  Transmitter/Receiver 

There  is  a transmitter/ receiver  in  each  cell,  which  is  connected  to  and 
controlled  by  the  mobile  telephone-switching  office. 


• Mobile  Telephone-Switching  Office  (MTSO) 


I 

This  is  a switching  unit  that  is  connected  to  each  of  the  radio  transmitter/ 
receivers  and  a local  telephone-company  central  office. 

When  a user  initiates  a call  from  a cellular  phone,  the  handset/ transceiver  sends  a 
radio  signal  to  the  nearest  cell  transmitter/receiver  requesting  a radio  channel. 

The  transmitter/receiver  connects  the  phone  to  an  open  channel  and  to  the  MTSO. 
Then,  the  MTSO  must  decide  what  kind  of  call  is  being  placed.  If  the  call  is  to  a 
non-mobile  phone,  the  channel  is  connected  to  the  telephone  central  office,  which 
completes  the  connection.  If  the  call  is  to  another  cellular  phone  in  the  same  cell, 
the  transmitter/ receiver  in  the  cell  connects  the  phones.  If  the  call  is  to  a cellular 
phone  in  another  cell,  the  transmitter/receiver  closest  to  the  phone  being  called 
completes  the  connection. 


Have  you  ever  wondered  how  the  cellular  phone  company  keeps  track  of  your  calls 
and  produces  a bill  every  month?  As  the  user  moves,  transmitter  power  levels  and 
cellular  channel  locations  are  changed  to  give  the  best  communication  possible 
without  interfering  with  others.  Modern  computers  control  this  and  keep  track  of 
billing.  Without  computers,  cellular  phone  calls  would  not  be  possible. 
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3.  The  popularity  of  pagers  and  cellular  phones  has  created  a demand  for 

etiquette  when  using  these  new  technologies.  What  new  etiquette  is  required 
due  to  the  popularity  of  pagers  and  cellular  telephones? 


Conferencing 

Groups  of  people  who  need  to  share  information  and  ideas  cannot  always  travel  to 
a common  place  because  of  the  expense  and  time  involved.  Technology  has  solved 
this  problem  with  different  types  of  conferencing  systems. 


! 

▼ 

tele- 
conferencing: a 

| conference  among 
people  remote 
!,  from  one  another 
! who  are  linked  by 
telecommunication 
devices 


▲ 


Teleconferencing 


The  simplest  form  of  conferencing  is 
called  teleconferencing.  A 
teleconference  is  held  simultaneously 
among  participants  who  are  in 
different  locations.  The  group  is 
connected  by  telephone  lines.  If 
there  is  more  than  one  person  at  a 
site,  telephones  with  external 
speakers  can  be  used;  or,  more 
traditionally,  a set  of  linked  speakers  is 


set  up. 
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Videoconferencing 


▼ 

video- 

conferencing:  a 

teleconference 
conducted  by 
television 

▲ 


▼ 

video  signal 
compression : 

the  digital 
conversion  of 
video  signals 
allowing  only  the 
information  that 
changes  from 
frame  to  frame  to 
be  transmitted, 
while  previously 
transmitted 
information  is 
reused 


▼ 

computer 
conferencing:  a 

conference 
involving 
computers, 
modems,  and 
telephone  lines 

▲ 


Sometimes  televisions  are  used 
to  link  participants.  This  allows 
participants  to  see,  as  well  as 
hear,  each  other.  This  is  called 
videoconferencing.  Television 
stations  commonly  use 
videoconferencing  when  the 
host  or  hostess  is  interviewing  a 
special  guest  or  expert  located  in 
another  place.  The  high  costs  of 
videoconferencing  are  offset  by 
the  even  higher  costs  of  having 
such  celebrities  or  specialists  fly  to  that  particular  location. 

Digitization  of  video  signals  has  made  videoconferencing  feasible.  When  video 
signals  are  digitally  converted,  only  the  information  that  changes  from  frame  to 
frame  needs  to  be  transmitted,  and  not  all  frames  need  to  be  transmitted.  This  is 
known  as  video  signal  compression.  It  greatly  increases  the  speed  at  which 
video  can  be  transmitted,  and  it  reduces  the  required  bandwidth. 

Early  digital  pictures  over  voice  channels  were  developed  by  amateur  radio 
operators  as  “slow-scan  television,”  giving  one  complete  video  picture  every  eight 
seconds.  Newer  technologies  have  improved  this  to  where  a videoconference 
picture  has  a reasonably  smooth  motion  using  a minimum  of  bandwidth. 

4.  Why  would  a company  invest  in  videoconferencing  technology? 


5.  What  is  the  difference  between  videos  and  videoconferencing  technology? 


Now  computer  conferencing,  which  involves  computers,  modems,  and  telephone 
lines,  allows  for  interactive,  information  exchange.  Some  people  have  added  a 
camera  to  each  site  so  participants  can  see  each  other. 
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Wireless  LANs 


Computer-to-computer  communication  is  improving  all  the  time.  High-speed  fibre- 
optic  links  have  been  discussed  earlier  in  this  module  as  a medium  for  transmitting 
and  receiving  signals  between  computers.  Why  not  go  wireless?  Sometimes  it  is  a 
better  design  to  choose  wireless  over  fibre-optic  cables. 


This  kind  of  wireless  technology  has  been  in  use  for  many  years  by  amateur  radio 
operators  using  radio  modems,  called  “terminal  node  controllers.”  It  has  a 
relatively  slow  speed  of  signal  transmission  (300  to  9600  baud  connections) . This 
“packet  radio”  is  also  used  to  transmit  or  receive  data  via 
satellite  and  even  to  the  space  shuttle.  The  same 
technology  allows  police  officers  to  link  the 
computers  located  in  their  vehicles  to  vehicle 
registration  and  other  sorts  of  electronic 
databases  across  the  country. 


6.  Give  an  example  of  when  a police  officer  would  use  the  on-board  computer  in 
the  police  car. 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  4. 


The  technology  of  transmitting  and  receiving  data  between  computers  has 
improved  tremendously,  allowing  great  volumes  of  data  to  be  exchanged  in  a 
shorter  space  of  time.  As  a result,  wireless  LAN  technology  is  becoming  more 
apparent.  There  are  a couple  of  different  ways  to  implement  a wireless  LAN.  One 
type  of  wireless  LAN  is  a radio-wave  LAN.  In  this  case,  a low-powered,  transmitter- 
receiver  antenna  is  mounted  on  the  workstation.  This  is  based  on  cellular 
technology. 

Another  type  of  wireless  LAN  is  an  infrared-based  LAN.  In  this  case,  workstations 
send  a laser  signal  to  a ceiling-mounted  receptor  and  then  on  to  a file  server. 
Notebook  computers  can  also  have  a cellular  modem  as  an  add  on.  This  is  great  for 
those  who  work  away  from  the  office  but  need  to  share  data,  e-mail,  or  database 
updates  throughout  the  day  with  the  office  computers. 

7.  What  professions  would  use  this  technology? 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  4. 


The  Information  Age  came  into  being  when  information  (data)  could  be  converted 
into  digital  code  so  computers  could  make  use  of  it.  Once  digitized,  data  can  be 
stored,  retrieved,  sent,  or  altered  quickly. 
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ACTIVITY  5 


The  Wireless  Future 


Shirley  sold  $200  000  worth  of  digital  gas-well  wireless  communicators  to  a 
company  in  Texas.  She  contracted  a trucking  outfit  to  deliver  the  devices  to  Texas. 
When  the  truck  arrived,  Shirley  couldn’t  help  but  notice  the  new  sophisticated 
technology  in  the  truck. 

The  driver,  Bob,  explained  to  her  how  the  whole  company  had  gone  “high-tech.” 
Each  vehicle  was  equipped  with  a GPS  (global  positioning  system)  location 
indicator  and  each  trucker  had  been  given  a laptop  computer  with  a wireless 
modem. 

Bob  told  Shirley  that  it  had  been  a challenge  to  learn  how  to  operate  all  of  the  new 
high-tech  stuff.  “Who  would  have  ever  thought  that  a truck  driver  would  be 
connecting  to  the  Internet,  writing  reports,  and  keeping  financial  records  on  a 
laptop  computer!  Things  sure  have  changed.” 

Bob  explained  to  Shirley  that  he  uses  the  Internet  to  check  the  Trucker  Website 
for  up-to-date  information  about  the  weather,  revised  road  maps  and,  of  course, 
which  truck  stops  serve  the  best  food.  The  GPS  location  indicator  allows  his 
company  to  track  where  his  vehicle  is  at  all  times.  This,  he  told  Shirley,  is  both 
good  and  bad! 

Did  you  know  that  the  trucking  industry  has  become  so  high-tech?  It’s  happening 
everywhere.  Telecommunication  technology  is  being  used  wherever  possible  to 
solve  problems  and  meet  needs.  These  new  uses  for  wireless  telecommunication 
technology  are  creating  massive  changes  in  everything  we  do.  How  do  people  keep 
up? 
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In  Activity  5 you  will  do  the  following: 

• become  familiar  with  new  technologies  currently  being  developed 

• discuss  and  analyse  the  impact  these  new  technologies  will  have  on  the 
telecommunication  infrastructure 

• discuss  and  analyse  the  impact  these  new  technologies  will  have  on  the 
bandwidth  of  the  present  wave  spectrum 


and  Discus: 


Contact  an  amateur  radio  operator  and  have  that  person  demonstrate  some  of  the 
capabilities  of  radio  transmission  and  reception. 

Contact  the  local  wildlife-conservation  department  in  your  area.  What  animals  are 
being  tracked  with  transponders?  What  is  their  range  and  the  battery’s  life  span? 

How  does  the  tracking  and  locating  system  work? 

Contact  your  local  justice  department.  Do  they  use  electronic-monitoring  devices 
to  monitor  paroled  felons?  How  do  these  devices  work,  and  how  effective  are  they? 
How  do  their  Computer-Aided  Dispatch  (CAD),  Police  Information  Retrieval  System 
(P.I.R.S.),  Police  Information  Management  System  (P.I.M.S.),  and  Canadian  Police 
Information  Centre  (C.P.I.C.)  systems  work?  What  information  do  these  systems 
provide  to  the  patrolling  officers,  dispatchers,  and  communication  officers? 

Investigate  the  capabilities  of  the  avalanche  beacon  transponder  and  locator. 

Contact  park  officials  or  ski  company  staff  to  see  what  range  such  devices  have 
and  how  they  are  used. 


Future  Communication  Concerns 

As  the  telecommunication  infrastructure  gets  larger  and  larger,  new  problems  and 
issues  need  to  be  resolved.  More  and  more  countries,  companies,  and  people  are 
using  wireless  telecommunication  systems.  The  increased  demand  for 
communication  products  that  serve  unique  communication  functions  is  pushing 
technology  to  the  limit. 

New  technologies  and  industries  are  being  created  as  a result  of  people  striving  to 
find  solutions  to  communication  needs.  The  solutions  address  such  problems  as 
traffic  jams  on  the  spectrum,  reduced  orbital  space  for  satellites,  and  pollution  of 
the  air  waves. 

1.  List  two  problems  you  foresee  facing  the  wireless  communication  industry. 
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Pollution  of  the  air  waves  is  becoming  a major  problem.  Electrical  appliances  in 
your  home,  remote-control  systems,  radio,  TV,  and  microwaves  all  fill  the  air 
around  you.  Wireless  devices  have  been  blamed  for  major  accidents.  An  example  is 
cellular  phones  interfering  with  aircraft  guidance  and  control  systems. 

2.  Can  you  think  of  another  place  where  a cellular  phone  is  not  allowed?  Briefly 
explain  why. 


Compare  your  response  with  the  one  in  the  Appendix,  Section  2:  Activity  5. 


Health  concerns  for  the  users  of  these  products  have  also  been  an  issue.  Although 
it  is  not  scientifically  proven,  there  have  been  some  cases  where  individuals  feel 
that  they  developed  a brain  tumour  from  constant  use  of  a cellular  phone. 

Digital  communications  is  growing  to  meet  the  needs  of  increasing  bandwidth. 
Satellites  are  now  able  to  carry  tens  of  thousands  of  signals  simultaneously  rather 
than  only  300,  as  was  the  case  in  1960.  One  of  the  fastest  growing  industries  is  that 
of  shielding  objects,  machinery,  and  people  from  unnecessary  electromagnetic- 
wave  exposure.  This  is  one  reason  many  microwave  repeaters  are  being  replaced 
with  fibre-optic  cable.  It  is  shielded  communication. 

Other  Wireless  Technologies 

Canada  is  one  of  the  leading  developers  of  communication  technology  in  the  world. 
This  has  created  thousands  of  jobs  from  coast  to  coast  and  put  the  country  in  a 
favourable  position  for  the  future.  One  area  of  pioneer  work  is  in  digital  radio. 


▼ 

L-band: 

frequency  range 
used  by  digital 
radio 


Digital  radio  will  provide  consumers  with  clear,  almost-noise-free  radio  sound.  It 
takes  up  less  spectrum  space  and  will  use  a range  of  spectrum  that  is  not  cluttered 
like  AM  and  FM  radio  spectrums.  The  frequency  range  used  by  digital  radio  is 
known  as  the  L-band. 

Another  new  technology  is  Personal  Communication  Services  (PCS),  which  is  a 
wireless  communication  service  that  takes  the  concept  of  cellular  into  the  future. 

PCS  produces  crystal-clear  quality  sound,  data  (faxes,  modem),  and  video.  It  is 
totally  digital,  offers  great  communication  security,  is  clearer  than  a cellular  phone,  I 
and  has  features  like  call  waiting,  voice  mail,  call  display,  and  text  display. 


PCS  and  digital  radio  are  just  two  of  the  new  emerging  technologies;  you  may  start 
with  some  of  the  technologies  mentioned  here.  There  are  many  others.  DTHS 
(Direct-to-Home  Satellite)  and  satellite  modems  are  examples  of  what  is  coming 
that  will  have  a major  impact  on  society. 

Collect  information  about  future  technologies;  you  may  start  with  some  of  the 
technologies  mentioned  here.  Use  the  Internet  search  engines  and  try  locating  the 
wireless  gallery  at  the  following  URL: 

http  ://www.  wirelessinc . ca/galler  y.html 
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In  this  activity  you  have  learned  the  importance  of  being  aware  of  the  new 
developments  in  the  wireless  communication  industry.  The  changes  in  this 
industry  will  undoubtedly  have  an  impact  on  your  future.  While  communication 
technology  has  helped  solve  problems,  it  has  created  new  problems.  People  are 
dependent  on  these  new  technologies,  and  because  of  this  the  spectrum  and 
satellite  orbits  are  becoming  crowded. 


Digital  radio  technology  is  one  of  the  emerging 
wireless  devices  that  will  bring  improvements  to 
overcrowding  on  the  spectrum.  Other  communication 
devices  are  emerging  that  are  designed  to  fulfil  a 
wide  range  of  communication  needs. 


FOLLOW-UP  ACTIVITIES 


If  you  had  difficulties  understanding  the  concepts  in  the  activities,  it’s 
recommended  that  you  do  the  Extra  Help.  If  you  have  a clear  understanding  of  the 
concepts,  it’s  recommended  that  you  do  the  Enrichment. 


Extra  Help 


The  components  that  need  to  be  in  place  in  order  for  a telecommunication  system 
to  be  effective  are  called  the  telecommunication  infrastructure.  There  are  five 
components  in  this  infrastructure. 

1.  What  are  the  five  components  in  the  telecommunications  infrastructure? 

2.  Early  wireless  telecommunication  relied  on  transmitters  such  as  drums,  smoke 
signals,  or  flags  to  send  messages.  Being  able  to  send  and  receive  messages 
without  a wired  system  was  very  useful.  However,  there  was  a need  to  send 
messages  a further  distance,  to  send  messages  that  were  more  clear,  and  to 
send  messages  that  were  more  complicated.  A different  type  of  transmitter  was 
needed  to  do  this.  The  work  of  Sir  Isaac  Newton,  Michael  Faraday,  James  Clerk 
Maxwell,  and  Heinrich  Hertz  was  important  to  the  discovery  of  this  type  of 
transmitter.  What  is  the  transmitter  they  discovered? 

3.  Guglielmo  Marconi  was  an  important  contributor  to  the  wireless 
telecommunication  system.  He  improved  the  technology  of  transmitting  and 
receiving  electromagnetic  waves.  How  did  Marconi  improve  the  technology? 
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4.  Although  transmitting  messages  using  wireless  telegraphy  was  an  important 
step  for  the  telecommunication  industry,  there  soon  became  a need  to  develop 
a technology  to  transmit  voice.  What  technology  allowed  this? 


5.  Initially,  the  technique  used  to  transmit  radio  waves  was 
amplitude  modulation  (AM) . In  order  to  improve  radio 
technology,  however,  another  method  was  developed — 
frequency  modulation  (FM) . What  is  the  difference 
between  AM  and  FM? 

6.  The  next  important  development  in  the 
telecommunications  industry  occurred  when  picture,  as  well  as  voice,  could 
be  transmitted.  The  development  that  began  started  the  television  industry. 
Although  Philo  Farnsworth  was  a major  contributor  to  the  development  of  the 
television,  much  of  the  credit  has  gone  to  RCA  and  two  of  its  people,  Sarnoff 
and  Zworykin.  Why  has  RCA  received  the  credit  for  television  development 
when  Farnsworth  did  much  of  the  groundwork? 

7.  New  technologies  are  quite  often  developed 
during  wars.  Sometimes  the  technologies  can  give 
a country  an  advantage  over  the  countries  with 
which  it  is  in  conflict.  Other  times,  the 
technologies  can  give  a country  more  global 
prestige.  Satellites  are  an  example  of  this  type  of 
technology.  Satellites  were  developed  during  the 
Cold  War.  However,  the  development  of  satellites 
has  had  advantages  other  than  political  ones. 

Name  one  advantage  that  satellites  have  created. 

8.  Digital  communication  has  greatly  expanded  the  telecommunications  industry. 
Before  digital  communication  was  developed,  analog  communication  was 
used.  What  advantage  is  there  in  using  digital  communication  rather  than 
analog  communication? 

9.  a.  How  does  pulse  code  modulation  work? 
b.  What  are  some  advantages  of  PCM? 

10.  a.  Give  an  example  of  one-way  digital  communication, 
b.  Give  an  example  of  two-way  digital  communication. 

11.  What  are  the  three  types  of  conferencing  discussed  in  this  section? 


Compare  your  responses  with  those  in  the  Appendix,  Section  2:  Extra  Help. 
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Do  one  or  more  of  the  following  questions. 

1.  Hold  a prism  to  a light  source  to  see  how  the  light  is  separated  into  bands.  The 
colours  you  see  are  part  of  the  visible  wave  spectrum.  What  colours  are  there? 

2.  Find  out  what  Edouard  Branly  developed  and  how  it  worked? 
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3.  What  is  meant  by  the  word  footprints  in  satellite  communications?  You  might 
want  to  create  a metaphor  to  help  explain  it  to  someone  else. 

4.  Telecommuting  is  becoming  more  common  all  the  time.  Find  out  what 
telecommuting  means  and  the  effects  it  will  have  on  people. 

5.  Bar  codes  are  now  used  commonly  to  transfer  data.  Find  out  how  these  bar 
codes  work. 


6.  A new,  three-dimensional  system  for  taking  ultrasound  images  of  a baby  in  the 
womb  allows  doctors  and  parents  a clear  view  of  the  fetus  moving.  Doctors  at 
the  University  of  Toyko’s  medical  school  said  they  have  improved  their 
equipment  by  adding  an  extra  three-dimensional  probe  to  an  existing  scanner. 
It  produced  an  image  every  eight  seconds,  which  could  be  viewed  as  a sort  of 
slow-motion  video.  Investigate  how  ultrasound  is  used  to  create  images  of 
babies  in  the  womb. 
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CONCLUSION 


In  this  section  you  have  learned  about  the  telecommunication  infrastructure  and 
wireless  technologies.  In  the  future,  the  human  race  will  be  faced  with  new 
telecommunication  needs.  Creative,  dedicated,  and  visionary  women  and  men  will 
tackle  these  challenges  and  find  solutions.  Their  new  technologies  may  or  may  not 
be  implemented. 

You  have  learned  in  this  section  that  the  role  of  government,  regulatory  bodies, 
and  the  marketability  of  the  technology  will  have  a major  role  in  the  success  of  any 
new  wireless  telecommunication  designs.  You  have  also  learned  that  the 
technology  must  meet  the  standards  and  criteria  of  the  consumer — especially 
affordability. 


ASSIGNMENT 

Turn  to  your  Assignment  Booklet  and  do  the  assignment  for  Section  2. 
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Technology,  whether  simple  or  complex,  is  a result  of  people  using  resources  to 
meet  their  needs.  Most  developments  have  improved  the  quality,  speed,  and 
efficiency  of  communication  or  have  become  more  portable  and  convenient  to 
satisfy  societal  demands. 

Because  the  world  has  become  so  fast-paced  and  is  always  changing,  there  is  a 
great  need  to  move  information  quickly  so  it  is  as  up-to-date  as  possible.  New 
communication  devices  will  continue  to  be  needed  to  help  keep  people  informed. 

Will  society  be  able  to  keep  up?  Who  will  be  able  to  dominate  or  steer  the 
telecommunication  infrastructure?  Who  will  meet  the  challenges  of  the  future?  Will 
there  always  be  another  Marconi  to  pioneer  our  telecommunication  needs? 


ASSIGNMENT 

Turn  to  your  Assignment  Booklet  and  do  the  final  module  assignment  for  INF  2190. 
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COURSE  SURVEY  FOR  INFORMATION  PROCESSING  2190 


After  you  have  completed  the  assignments  in  this  module,  please  fill  out  this  questionnaire  and  mail  it  to  the 
address  given  on  the  last  page.  This  module  is  designed  in  a new  distance  learning  format,  so  we  are  interested 
in  your  responses.  Your  constructive  comments  will  be  greatly  appreciated,  as  future  course  revisions  can  then 
incorporate  any  necessary  improvements. 

Name  Age  □ under  19  □ 19  to  40  □ over  40 

Address  File  No.  

Date  


Design 

1 . The  Student  Module  Booklet  contains  a variety  of  self-assessed  activities.  Did  you  find  it  helpful  to  be  able  to 
check  your  work  and  have  immediate  feedback? 

□ Yes  □ No  If  yes,  explain. 


2.  Were  the  questions  and  directions  easy  to  understand? 
□ Yes  □ No  If  no,  explain. 
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Course  Survey 


3.  Each  section  contains  Follow-up  Activities.  Which  type  of  Follow-up  Activity  did  you  choose? 

□ mainly  Extra  Help 

□ mainly  Enrichment 

□ a variety 

□ none 

Did  you  find  these  activities  beneficial? 

□ Yes  □ No  If  no,  explain. 


4.  Did  you  understand  what  was  expected  in  the  Assignment  Booklet? 
□ Yes  □ No  If  no,  explain. 


5.  The  course  materials  were  designed  to  be  completed  by  students  working  independently  at  a distance.  Were 
you  always  aware  of  what  you  had  to  do? 

□ Yes  □ No  If  no,  provide  details. 


6.  This  distance  learning  course  may  include  an  assortment  of  drawings,  photographs,  and  charts, 
a.  Did  you  find  the  visuals  in  this  course  helpful? 

□ Yes  □ No  Comment  on  the  lines  below. 


b.  Did  you  find  the  variety  of  visuals  in  this  course  motivating? 
□ Yes  □ No  Comment  on  the  lines  below. 
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7.  Suggestions  for  audiocassette,  videocassette,  and  computer  activities  may  have  been  included  in  the  course. 
Did  you  complete  these  media  activities? 

□ Yes  □ No  Comment  on  the  lines  below. 


Only  students  enrolled  in  a Junior  High  course  need  to  complete  the  following  question. 

8.  The  Student  Module  Booklet  may  have  directed  you  to  work  with  your  learning  facilitator.  How  well  did  you 
work  as  a team? 

Student’s  comments:  


Learning  facilitator’s  comments: 


Course  Content 

1 . Was  enough  detailed  information  provided  to  help  you  learn  the  expected  skills  and  objectives? 
□ Yes  □ No  Comment  on  the  lines  below. 


2.  Did  you  find  the  work  load  reasonable? 
□ Yes  □ No  If  no,  explain. 
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3.  Did  you  have  any  difficulty  with  the  reading  level? 


□ Yes  □ No  Please  comment. 


4.  How  would  you  assess  your  general  reading  level? 

□ poor  reader  □ average  reader  □ good  reader 

5.  Was  the  material  presented  clearly  and  with  sufficient  depth? 

□ Yes  □ No  If  no,  explain. 


General 

1 . What  did  you  like  least  about  the  course? 


2.  What  did  you  like  most  about  the  course? 


Additional  Comments 


Information  Processing  2190 


4 


Course  Survey 


Only  students  enrolled  with  the  Alberta  Distance  Learning  Centre  need  to  complete  the  remaining 
questions. 

1 .  Did  you  contact  the  Alberta  Distance  Learning  Centre  for  help  or  information  while  doing  your  course? 

□ Yes  □ No  If  yes,  approximately  how  many  times?  

Did  you  find  the  staff  helpful? 

□ Yes  □ No  If  no,  explain. 


2.  Were  you  able  to  fax  any  of  your  assignment  response  pages? 

□ Yes  □ No  If  yes,  comment  on  the  value  of  being  able  to  do  this. 


3.  If  you  mailed  your  assignment  response  pages,  how  long  did  it  take  for  their  return? 


4.  Was  the  feedback  you  received  from  your  correspondence  or  distance  learning  teacher  helpful? 
□ Yes  □ No  Please  comment. 


Thanks  for  taking  the  time  to  complete  this  questionnaire.  Your 
feedback  is  important  to  us.  Please  return  this  questionnaire  to 
the  address  on  the  right. 

If  you  are  enrolled  at  the  Alberta  Distance  Learning  Centre  and 
will  be  mailing  your  Assignment  Booklet  to  ADLC,  you  may 
return  this  questionnaire  with  the  Assignment  Booklet. 


Instructional  Design  and  Development 
Learning  Technologies  Branch 
Box  4000 
Barrhead,  Alberta 
T7N  1P4 
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alternator:  a device  used  to  generate  continuous 
electromagnetic  waves  on  early  wireless  devices 

The  alternator  was  the  key  device  in  allowing 
earlier  wireless  communication  to  carry  sound 
waves. 

amplitude:  the  highest  or  deepest  point  on  an 
electromagnetic  wave 

amplitude  modulation  (AM):  a method  of 

transmitting  radio  signals  by  modifying  the  high- 
to-low  ranges  of  a radio  carrier  wave 

background  noise:  noise  in  the  room  that  could 
interfere  with  your  ability  to  receive  (hear) 
signals  clearly 

bandwidth:  the  amount  of  data  that  can  move 
through  a medium 

baud  rate:  the  transmission  rate  of  data,  usually  bit 
per  second 

broadcasting:  to  make  widely  known,  over  a broad 
area,  by  transmitting  sound  or  images  by 
television  or  radio 

cable  modems:  modems  that  use  the  cable 
companies’  coaxial  or  fibre-optic  cable 

capacity:  the  measure  of  the  electric  output  of  a 
generator;  the  amount  of  charge  an  object  can 
hold 

carrier  wave:  an  electromagnetic  wave  that  can  be 
modulated  in  frequency  and  amplitude  phase  to 
transmit  speech,  music,  data,  images,  or  other 
signals 

coherer:  part  of  the  receiver  technology  of  a radio 

computer  conferencing:  a conference  involving 
computers,  modems,  and  telephone  lines 

CRTC:  Canadian  Radiotelevision  and 
Telecommunications  Commission;  the 
government  body  set  up  to  govern  and  set 
policies  for  the  telecommunication  industries  in 
Canada 


cryptography:  a secret  code  used  to  hide 
information  that  is  to  be  sent  over 
telecommunication  lines  from  hackers 

cycle:  the  completion  of  one  repetition  of  an 
electromagnetic  wave 

diode:  a glass  tube  radio-signal-detection  device 

direct  current  (DC):  an  electric  current  flowing  in 
one  direction 

direct-to-home  satellite  TV:  a system  that  provides 
a direct  TV  link  to  each  home  whereby  a satellite 
beams  TV  signals  that  can  be  picked  up  by 
anyone  with  a satellite  dish  and  the  appropriate 
hardware  and  software 

Earth  position  sensors:  devices  that  sense  things 
such  as  light,  temperature,  sound,  or  pressure 

electricity:  a form  of  energy  based  upon  an 
imbalance  of  positive  and  negative  charges. 

Electrical  energy  can  be  dynamic  or  static. 
Dynamic  electricity  is  the  effect  of  voltage  in 
producing  current  in  conductors.  Static 
electricity  is  the  accumulation  of  charge. 

electromagnetic  waves:  a form  of  electronic 
communication  or  energy 

Electromagnetic  waves  are  produced  by  using  an 
electrical  form  of  energy  to  produce  a magnetic 
field.  Electricity  is  generated  by  the  movement  of 
electrons. 

feedhorn:  part  of  a satellite  that  passes  the 

microwave  signal  to  the  receiving  transponder 

filter:  a device  used  to  reduce  noise  interference  and 
to  increase  the  quantity  of  accurate  information 
transmitted  in  a given  time  period 

frequency:  the  number  of  cycles  a wave  travels  in  a 
period  of  time — usually  measured  per  second 

frequency  modulation  (FM):  a method  of 

transmitting  radio  signals  where  the  frequency  of 
the  electromagnetic  wave  is  modulated 
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geostationary  Earth  orbit:  an  orbit  of  Earth  made 
by  an  artificial  satellite  where  the  satellite 
appears  to  be  stationary 

GHz:  gigahertz,  a unit  of  frequency  equal  to  one 
billion  hertz 

high -definition  television  (HDTV):  a new  standard 
for  television  manufacturing  and  broadcasting 
that  will  produce  sharper  images  and  better 
sound 

high-fidelity  (hi-fi):  the  reproduction  of  an  effect 
(as  sound  or  an  image)  with  a high  degree  of 
faithfulness  to  the  original 

holographic  image:  a 3-D  image  created  when  a 
coherent  light  source  interferes  with  light  beams 

inductance:  a circuit  element,  typically  a conducting 
coil,  in  which  an  electric  force  is  generated  by 
electromagnetic  induction 

infrared:  lying  outside  the  visible  spectrum  at  its  red 
end;  the  thermal  radiation  of  wavelengths  longer 
than  those  of  visible  light 

Internet:  an  open-to-the-public  network  of  computer 
servers 

laser:  a device  able  to  emit  a tiny  beam  of 
electromagnetic  energy  in  the  visible  light 
spectrum 

L-band:  frequency  range  used  by  digital  radio 

LCD  (liquid  crystal  display):  a constantly 

operating  display  of  segments  of  liquid  crystal  or 
pneumatic  fluid  activated  by  low  power  voltage 

magnetic  field:  the  magnetic  force  given  off  by 
electrical  devices,  such  as  an  electric  motor  or 
electromagnet  in  a speaker 

magnetism:  the  effect  of  attraction  and  repulsion  by 
iron  and  similar  materials  without  the  need  for  an 
external  force 

Electromagnetism  includes  the  effects  of  the 
magnetic  field  associated  with  an  electric 
current. 

main-frame  computers:  computers  that  are  used 
by  more  than  one  person  at  a time,  are  at  more 
than  one  location  at  a time,  and  run  more  than 
one  program  at  a time 


medium:  the  channel  (wire,  cable,  air,  etc.)  that  the 
message  travels  through 

message:  data,  voice,  or  picture;  sent  from  the 
sender  through  the  medium  to  the  receiver 

MHz:  megahertz,  a unit  of  frequency  equal  to  one 
million  hertz 

microchip:  a modern  device  that  contains  thousands 
of  tiny  transistors 

This  technology  is  the  foundation  for  digital 
communication. 

microwaves:  very  short  electromagnetic  waves  that 
can  be  used  to  carry  telephone  messages 
through  the  atmosphere 

modem:  a device  that  converts  digital  data  output 
into  a series  of  analog  tones,  and  vice  versa 

multi-channels:  500+  specialized  cable  television 
channels  available  through  fibre-optic  networks 

multiplexing:  a process  that  permits  more  than  one 
message  to  be  sent  at  one  time  through  a 
medium 

noise:  sound  that  interferes  with  the  transferring  of 
the  information  from  the  sender  to  the  receiver 

propagating:  causing  to  spread  out  and  affecting  a 
greater  area,  extending;  transmitting  (as  sound 
or  light)  through  a medium 

proprietary  protocols:  the  set  of  rules  governing 
the  operation  of  a communication  system  where 
the  owner,  through  the  legal  right  of  possession, 
has  control 

proprietary  technologies:  “proprietary  to”  means 
“owned  by” 

A feature  of  a communication  device  or  computer 
is  said  to  be  proprietary  if  one  company  has 
exclusive  rights  to  it. 

propulsion  rockets:  rockets  used  to  propel  a 
satellite 

pulse  code  modulation  (PCM):  a form  of  digital 
modulation  where  the  code  refers  to  a binary 
word  representing  digital  data 
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receiver:  the  person  or  device  that  receives  the 
signal  from  the  sender;  output 

regeneration:  the  technology  of  strengthening  the 
received  radio  signal  by  feeding  the  signal  back 
into  the  circuit  to  be  amplified  over  and  over 
again 

responder:  a part  of  the  transponder  that  transmits 
a radio  signal 

sender:  the  person  or  device  wishing  to 
communicate  or  send  a message;  input 

sine  wave:  a wave  in  which  amplitude  varies  in 
proportion  to  the  sine  function  of  the  angle 

spectrum:  a range  of  electromagnetic  energies 
arrayed  in  order  of  increasing  (or  decreasing) 
frequency  or  wavelength 

standard  protocols:  the  regular  or  standard  set  of 
rules  governing  the  operation  of  functional  units 
of  a communication  system  that  must  be  followed 
if  communication  is  to  be  achieved 

superheterodyne  receiver:  a device  that  used  two 
knobs — one  to  control  the  frequency  and  the 
other  the  volume;  similar  to  the  modern  radio 

telecommunication  infrastructure:  the 

components  that  need  to  be  in  place  in  order  for 
a telecommunication  system  to  develop 
successfully  and  to  satisfy  a communication  need 

teleconferencing:  a conference  among  people 
remote  from  one  another  who  are  linked  by 
telecommunication  devices 

terminals:  the  input/output  device  for  a central 
computer 

transistor:  solid-state  circuitry  made  of 

semiconductors  that  replaced  vacuum  tubes  as 
detection  and  receiving  devices  in  radio 
transmitters  and  receivers 

transmitter:  a device  that  sends  radio  signals 
through  the  air  to  receivers 

transponders:  a radio  or  radar  set  that,  upon 
receiving  a designated  signal,  emits  a radio 
signal  of  its  own;  used  for  the  detection, 
identification,  and  location  of  objects 


triode:  a vacuum  tube  consisting  of  three 
electrodes — the  cathode,  grid,  and  plate; 
invented  by  Lee  De  Forest  to  amplify  radio 
signals 

Trojan  Horse:  a virus-like  program  that  enters  your 
computer  from  the  Internet 

videoconferencing:  a teleconference  conducted  by 
television 

video  signal  compression:  the  digital  conversion  of 
video  signals  allowing  only  the  information  that 
changes  from  frame  to  frame  to  be  transmitted, 
while  previously  transmitted  information  is 
reused 

virus:  a program  hidden  within  another  program 
that  may  damage  or  destroy  data  in  the  infected 
computer 

v-shield:  one  of  many  shareware  protection  plans 
that  stays  resident  in  the  memory  of  the 
computer  so  it  can  remain  active  all  the  time 

wavelength:  the  distance  from  peak-to-peak  of  a sine 
wave 

wireless  telecommunication:  the  communicating 
or  sending  of  messages  without  the  aid  of  wires 
or  cables  as  a medium 
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Alexanderson,  Ernst:  (1878-1975),  Swedish-born 
American  engineer  and  inventor  who  designed  a 
high-frequency  alternator  for  use  in  broadcasting 
experiments 

Fessenden  used  Alexanderson’s  alternator  to 
make  the  first  voice  transmission  over  radio 
waves.  Alexanderson  transmitted  the  first 
transatlantic  facsimile,  invented  a home 
television  receiver,  demonstrated  a working 
television  system,  and  helped  develop  the 
modern  system  of  colour-television  broadcasting. 

Armstrong,  Edwin  Howard:  (1890-1954), 

American  electrical  engineer  and  inventor  who 
contributed  to  the  development  of  electronics 
and  radio  communication 

In  1933,  he  introduced  the  FM  broadcasting 
system. 

Bell,  Alexander  Graham:  (1847-1922),  American 
inventor  credited  for  the  invention  of  the 
telephone 

Crookes,  Sir  William:  (1832-1919),  British  chemist 
and  physicist  who  invented  a cathode-ray  tube — 
the  Crookes  tube — which  contributed  to  the 
development  of  the  modern  cathode-ray  tube 
used  in  electronic  equipment 

De  Forest,  Lee:  (1873-1961),  American  inventor 
who  pioneered  in  radio  and  television  technology 

In  1907,  he  patented  a device  called  an  audion 
that  made  it  possible  to  amplify  weak  radio 
signals  and  transmit  them  over  long  distances. 

In  the  1920s,  he  worked  on  a sound  system  for 
motion  pictures.  Later,  he  turned  his  attention  to 
the  emerging  technology  of  television. 

Faraday,  Michael:  (1791-1867),  English  chemist 
and  physicist  who  discovered  the  principle  of 
electromagnetic  induction 

The  electric  generator  and  the  electric  motor  are 
based  on  this  principle. 


Fessenden,  Reginald  Aubrey:  (1866-1932), 

Canadian-born  American  physicist  who  invented 
a liquid  barretter  detector,  which  replaced  the 
coherer  that  was  used  by  Marconi 

His  main  goal  was  to  send  actual  voice  messages 
through  thin  air.  By  1906,  his  system  was  ready. 
He  used  amplitude  modulation  (AM)  and  an 
ordinary  telephone  microphone  to  impress  sound 
on  the  radio  waves  produced  by  his  alternator 
(which  he  had  patented  in  1901).  On  Christmas 
Eve,  1906,  he  broadcast  his  voice,  violin,  and 
recorded  music. 

Fleming,  Sir  John:  (1849-1945),  English  engineer 
who  invented  the  vacuum  tube  (which  eventually 
came  to  be  called  the  diode)  and  a device  that 
became  the  ancestor  to  all  electronic  tubes 

Hertz,  Heinrich:  (1857-1894),  German  physicist 
who  opened  the  way  for  the  development  of 
radio,  television,  and  radar  with  his  discovery  of 
electromagnetic  waves 

Lodge,  Sir  Oliver:  (1851-1940),  English  physicist 
who  investigated  the  nature  of  oscillations  and 
electric  waves  in  wired  and  in  wireless 
telegraphy 

His  discoveries  helped  in  developing  radio. 

Marconi,  Guiglielmo:  (1874-1937),  Italian  inventor 
and  electrical  engineer  best  known  for  his  role  in 
developing  wireless  telegraphy  (radio) 

He  sent  the  first  telegraph  signals  in  1895  and 
the  first  wireless  transatlantic  communication  on 
December  12,  1901.  Marconi  also  pioneered 
work  with  short  waves  and  microwaves. 

Maxwell,  James  Clerk:  (1831-1879),  Scottish 
physicist  best  known  for  his  formulation  of 
electromagnetic  theory 

Morse,  Samuel:  (1791-1872),  American  inventor 
and  artist  who  was  credited  with  the  invention  of 
the  telegraph  and  Morse  code  system 
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Newton,  Sir  Isaac:  (1642-1727),  English  scientist, 
astronomer,  and  mathematician  whose 
discoveries  in  optics  laid  the  foundation  for  the 
science  of  spectrum  analysis 

Poulsen,  Valdemar:  (1869-1942),  Danish  engineer 
who  invented  the  first  machine  for  recording 
sound  magnetically 

He  called  his  invention  the  telegraphone. 


Tesla,  Nikola:  (1856-1943),  Croation-born  American 
electrical  engineer  who  invented  a “brushless” 
motor,  developed  an  arc  lamp,  and  made 
advances  in  the  fields  of  high  voltage  and 
frequency  apparatus — including  the  Tesla  coil 

Zworykin,  Vladimir:  (1889-1982),  Russian-born 
American  physicist  and  electronics  engineer  who 
was  responsible  for  many  advances  in  radio, 
television,  and  the  electron  microscope 


Section  I : Activity  I 

1.  Your  answers  will  vary  depending  on  what  materials  you  used. 

2.  “What  hath  God  wrought!”  was  the  first  message  Morse  transmitted  over  the  telegraph. 

3.  The  telegraph  was  developed  to  meet  people’s  needs.  Businesses  relied  on  information  to  order  supplies, 
deliver  products,  and  organize  financing.  The  quicker,  more  reliable  the  information,  the  better. 

There  were  many  limits  to  the  telegraph,  and  some  were  as  follows: 

• Early  telegraph  systems  were  too  expensive  for  widespread  use  because  they  required  a lot  of  skilled 
people — each  railway  station  needed  operators  to  receive  and  relay  messages  along  the  system. 

• At  first,  telegraph  systems  were  manual  operations,  so  their  success  depended  on  the  ability  of  the 
operators. 

• The  telegraph  system  was  often  tied  to  the  railroad  as  telegraph  poles  and  wires  used  the  railroad 
right-of-ways. 

• Automating  the  telegraph  key  proved  to  be  practically  impossible. 

4.  The  telegraph  required  only  voltage  pulses  over  the  circuit  to  indicate  the  dots  and  dashes  of  the  code.  To 
transmit  voice,  more  information  is  needed  to  indicate  the  amplitude  (loudness)  and  frequency  (tone),  and 
closer  spacing  of  the  “pulses”  of  the  signal  is  necessary.  A greater  amount  of  information  to  be  sent  in  the 
same  amount  of  time  requires  a greater  bandwidth. 

Section  I : Activity  2 

1.  The  following  people  contributed  to  the  development  of  the  telephone: 

• Charles  Bourseul  (1829-1912),  a French  inventor  and  engineer,  suggested  that  the  vibrations  caused 
by  speaking  into  a flexible  disk  or  diaphragm  might  be  used  to  connect  and  disconnect  an  electric 
circuit,  which  would  produce  similar  vibrations  in  a second  diaphragm  located  elsewhere, 
reproducing  the  same  sound. 
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• Johann  Philip  Reis  (1834-1874),  a German  physicist,  invented  an  instrument  that  could  transmit 
musical  tone,  but  could  not  reproduce  speech. 

• Alexander  Graham  Bell  (1847-1922),  an  American  inventor  and  teacher  of  the  deaf,  discovered  that 
only  a steady  electric  current  could  be  used  to  transmit  the  human  voice.  He  was  granted  a patent  in 
1876  for  an  electric  speaking  telephone;  and  in  1877,  he  produced  the  first  telephone  to  transmit  and 
receive  human  voice. 

• Thomas  Alva  Edison  (1847-1931)  invented  the  carbon  telephone  transmitter. 

2.  “Mr.  Watson,  come  here!”  was  Bell’s  first  telephone  message. 


Parts  of  a Telephone  Communication  System 

sender 

transmitter  (mouthpiece) 

medium 

copper  wire  and  the  ground  as  the  return  medium  to  reduce  the  costs 

noise  sources 

ground  return  medium  inconsistent,  interference  from  any  electrical  device  close 
to  the  telephone  system,  quality  of  sender  and  receiver  poor 

filters 

improving  transmitter  and  receiver,  as  well  as  providing  two-wire  cabling  helped 
eliminate  amount  of  noise  interfering  with  the  signal 

receiver 

ear  piece,  an  induction  coil  used 

4.  sender:  The  sender  could  accept  and  transmit  more  information  at  one  time  than  the  telegraph  key. 

medium:  The  first  phones  used  one  wire  as  did  the  telegraph;  but  later,  two  wires  were  used  to  reduce 
noise. 

noise  sources:  The  ground  return  and  the  poor  quality  of  the  components  hampered  the  first  telephones. 
Telegraph  operators  could  slow  down  their  transmission  rates  to  overcome  occasional  noise 
interference,  whereas  the  telephone  message  just  becomes  mixed  with  static. 

filters:  Two  wires  instead  of  one  were  used,  increasing  the  quality  of  the  sender/receiver. 

telephone  receiver:  It  was  capable  of  converting  the  complex  electrical  pulses  of  the  voice  signal  back  into 
voice. 

5.  AT&T  and  the  Western  Union  companies  (Telex)  capitalized  on  this  early  teletypewriter  technology. 
Associated  Press  and  Canadian  Press  were  also  involved. 

6.  a.  Telex  is  the  brand  name  of  the  Western  Union  Company’s  teletype  system.  Subscribers  received 

messages  sent  over  the  network.  Messages  could  be  encoded  (addressed)  to  be  received  by  a 
particular  teletype  machine  located  on  the  system. 

b.  The  Telex  network  has  been  replaced  by  e-mail  and  facsimile  machines.  E-mail  is  more  efficient  and 
easier  to  transmit.  It  only  goes  to  the  intended  receiver,  which  can  be  only  one  person  or  a large 
number  of  recipients.  Facsimile  machines  and  computer  faxes  can  send  and  receive  text  as  well  as 
graphics.  Computer-network  communication  is  very  inexpensive  once  the  network  has  been  set  up. 
The  Telex  system  was  proprietary  in  that  there  was  only  one  function  for  which  it  could  be  used. 
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7.  a.  The  companies  that  make  up  the  membership  of  Stentor  Canada  are  as  follows: 


• BC  Tel 

• Telus 

• SaskTel 

• Manitoba  Telephone  System 

• Bell  Canada 

• Quebec  Telephone 

• Maritime  Tel  & Tel 

• NBTel 

• NewTel  Communications 

b.  There  are  several  advantages  of  forming  an  alliance  such  as  Stentor: 

• The  companies  can  pool  resources. 

• They  can  share  expertise  in  engineering,  researching,  product  developing,  and  marketing. 

• They  can  speak  as  one  voice  on  matters  of  national  interest. 

8.  Rather  than  using  one  line  for  each  phone-to-phone  connection,  multiplexing  permits  many  telephone 
signals  to  be  sent  over  a medium  (wire  or  cable)  at  one  time.  In  some  cases,  up  to  several  thousand 
messages  can  be  transferred  simultaneously  using  multiplexing  technology.  There  are  many  different 
types  of  multiplexing  technologies  in  use  today.  The  method  used  often  depends  upon  the  distance 
travelled,  the  type  of  information  being  sent,  the  type  of  medium  being  used,  and  the  costs  involved. 

9.  Banks  use  dedicated  phone  lines  and  have  a protocol  set  up  to  send  and  confirm  each  packet  of 
information  sent  and  received. 

A credit-card  packet  is  encoded  with  the  customer’s  card  number  and  borrowing  request.  The  packet  is 
sent  out  over  regular  phone  lines.  On  receipt  of  the  message,  the  card  company  assesses  its  database  and 
sends  a coded  reply  packet  back  to  the  merchant.  The  phone  line  does  not  need  to  be  held  open  during 
the  send,  confirmation,  and  reply  sequence. 

10.  The  two  main  parts  of  a facsimile  machine  are  the  scanner  and  the  printer.  The  scanner  converts  an 
image  into  a digital  signal  to  be  sent  out  of  the  modem.  The  printer  receives  the  signal  from  the  modem, 
converts  the  signal  back  into  a picture,  and  then  prints  the  results  on  to  paper. 

11.  a.  The  fax  machine  can  accept  any  image  that  will  fit  into  the  input  tray.  Often,  a cover  sheet  or  note  is 

attached  so  that  the  fax  can  be  directed  to  the  correct  person  at  the  other  end  and  to  inform  them  of 
your  name  and  return  fax  phone  number.  (Remember  to  include  your  telephone  area  code  if  faxing 
outside  of  your  immediate  area  or  city) . 

b.  A fax  costs  the  same  as  any  other  phone  call.  Local  calls  are  free,  and  long  distance  calls  are  billed  on 
the  basis  of  distance  and  length  of  the  connection. 

12.  Your  answers  will  depend  on  the  models  you  chose  for  your  comparisons. 

Section  I : Activity  3 

1.  Bandwidth  is  a reflection  of  the  amount  and  types  of  data  that  can  be  transferred.  More  data  can  be 
transferred  in  a given  amount  of  time  with  a faster  modem.  Also,  more  complex  data  types  can  be 
transferred  (such  as  sound  and  animation  files),  which  may  have  been  prohibitive  due  to  the  time  it  would 
have  taken  to  download  with  a slower  modem. 
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2.  The  speed  of  the  sending  computer’s  modem,  the  equipment  used  at  relay  sites  along  the  route  back  to 
your  computer,  and  the  amount  of  traffic  on  the  data  lines  carrying  the  signal  (the  number  of  people  using 
a line)  all  slow  down  the  speed  of  information  transmission. 

3.  Twisted  copper  wire  pairs  are  less  affected  by  cross  interference  from  one  wire  to  the  other  than  two  wires 
that  are  run  parallel  to  one  another. 

Shielded  twisted  pair  wires  are  protected  from  each  other’s  magnetic  interference  by  having  an  insulating 
barrier  between  them. 

Fibre-optic  systems  use  very  pure  light  frequencies  first,  so  that  few  stray  signals  are  present  to  distort  the 
signal.  Second,  the  light  signal  in  a fibre  strand  is  not  affected  by  electromagnetic  forces  from  other 
machines  as  is  the  electric  signal  travelling  through  a copper  wire. 

4.  The  Internet  is  described  as  the  network  of  networks.  The  Internet  and  the  World  Wide  Web  (WWW)  are 
mostly  an  open-to-the-public  network  of  computer  servers.  The  only  cost  to  the  user  are  the  online  service 
charges  paid  to  the  service  provider. 

5.  Intranets  and  extranets  are  more  recent  developments.  They  are  being  set  up  by  large  corporations  for  the 
use  of  their  employees.  By  excluding  the  general  public,  these  companies  are  trying  to  increase  the 
security  of  their  information  exchange. 

Section  I : Activity  4 

1.  Some  advantages  of  having  your  home  connected  to  fibre-optic  cable  include  the  following: 

• Cable  companies  are  proposing  500+  television  channels  per  home  connection.  For  example,  you 
could  decide  which  sport  you  will  view  on  the  Olympic  coverage  with  a channel  devoted  to  each 
sport  venue. 

• Full-sized  holographic  images  are  possible  right  in  your  living  room  if  multiple  channels  supply  the 
data  needed  for  a full  motion. 

2.  McAfee’s  v-shield  is  one  of  many  shareware  virus-protection  programs  designed  to  stop  an  infected  disk 
from  being  used  on  your  computer.  This  v-shield  stays  resident  in  the  memory  of  your  computer  so  it  can 
be  active  all  the  time.  A file  with  attributes  of  many  known  viruses  is  loaded  into  the  memory  of  your 
computer  when  it  is  first  booted  up.  Whenever  you  place  a floppy  disk  into  the  disk  drive,  the  virus 
attributes  are  compared  to  the  files  on  the  disk.  If  a suspicious  file  is  detected,  an  alarm  is  sounded  and  the 
computer  is  shut  down.  This  prevents  the  viruses  from  infecting  your  computer.  You  should  then  restart 
your  computer  without  the  disk  and  run  your  virus  software  to  clean  up  the  infected  disk  before 
attempting  to  use  it  again. 

3.  Files  should  be  updated  monthly.  The  latest  anti-virus  data  can  be  downloaded  from  the  Internet  sites 
provided  by  virus-protection  software  companies  or  from  the  BBS  sites  they  provide  their  customers. 

4.  Viruses  are  mini-program  files  that  attach  themselves  to  a program’s  executable  files.  These  can  enter 
your  computer  when  you  run  a program  from  a disk  or  a program  that  you  have  downloaded  from  the 
Internet.  If  you  put  any  of  these  into  your  computer,  you  should  run  a virus-protection  program  before 
executing  the  program.  This  will  catch  most  of  the  viruses.  Saving  data  files,  reading  e-mail,  and  browsing 
websites  will  not  infect  your  computer.  Maintaining  a current  virus-protection  program  is  your  best  bet  to 
prevent  virus  infections. 
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2.  The  basic  elements  of  a communication  system  are  the  message,  the  sender,  the  medium,  the  receiver,  and 
the  noise.  A message  is  sent  from  the  sender,  through  a medium,  to  the  receiver. 

3.  a.  This  sound  is  noise  or  background  noise. 

b.  A filter  can  be  used  to  reduce  noise  interference. 

4.  Bandwidth  is  the  amount  of  data  that  can  move  through  the  medium. 

5.  The  five  types  of  computer  networks  are  as  follows: 

• peer-to-peer  networks  • local  area  networks  (LANs) 

• Ethernet  networks  • wide  area  networks  (WANs) 

• token-ring  networks 


5.  Computrace™  resides  in  your  computer  and  is  constantly  sending  out  messages  to  the  Advantage  Software 
Company  with  information  such  as  the  phone  number  of  the  modem  connection  you  are  using.  If  your 
computer  is  ever  stolen  and  then  used,  the  Computrace  program  can  be  used  to  locate  the  source  of  the 
connection.  With  the  large  number  of  laptop  computers  being  reported  missing,  many  companies  are 
installing  this  software  on  all  their  employees’  computers. 


6.  Cryptography  uses  a secret  code  to  disguise  your  data  before  it  leaves  your  computer.  Once  the  data  is 
retrieved  from  the  Internet  (i.e.,  by  your  bank),  the  retriever  uses  the  same  algorithm  to  decode  the  data. 
Anyone  who  intercepts  the  data  without  knowing  the  secret  code  will  not  be  able  to  read  it. 


Section  I : Follow-up  Activities 


Extra  Help 
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6.  Some  types  of  cable  used  for  networks  include  the  following: 

• phone  wires  (twisted  pairs) 

• shielded  twisted  pairs 

• coaxial  cable 

• fibre-optic  cable 

7.  Some  technologies  that  would  be  available  include  the  following: 

• multi-channel  television 

• interactive  video  games  and  television 

• pay-per-view  TV 

• video  telephones 

Enrichment 


1.  The  location  of  your  closest  computerized  switchboard  will  depend  on  where  you  live.  In  Western  Canada, 
they  can  be  found  at  the  following  locations: 

• British  Columbia  - Burnaby 

• Alberta  - Calgary  and  Edmonton 

• Saskatchewan  - Regina 

• Manitoba  - Winnipeg 

2.  A digital  image  is  an  image  that  is  coded  by  pixels.  Pixels  are  dots  that  constitute  the  visible  (on  pixels) 
and  invisible  (off  pixels)  parts  of  an  image.  These  codes  can  be  sent  over  telephone  lines  to  receiving 
networks,  decoded,  and  then  viewed  or  printed  as  the  original  image. 

Try  converting  a picture  into  a digital  image.  Place  a piece  of  graph  paper  or  a grid  over  the  picture.  Shade 
in  the  squares  or  leave  them  white  to  represent  the  light  and  dark  areas  of  the  image.  Using  a light  table  or 
window  will  help.  The  shaded  squares  represent  the  on  pixels,  and  the  white  areas  represent  the  off  pixels. 

3.  Data  modems:  Computer  file-transfer  protocols  are  used  to  connect  to  bulletin  board  systems  (BBS)  and  to 
send  and  receive  graphic  files. 

Fax  modems:  Pictures  and  text  can  be  sent  using  international  fax  protocols.  The  computer  fax  modem  can 
be  used  to  send  and/or  receive  pictures  and  text  from  a regular  fax  machine. 

Voice  modems:  Telephone  voice-mail  protocols  are  used  to  set  up  a voice-mail  system  on  a computer  to  act 
as  an  answering  machine.  Phone  calls  can  be  intercepted  by  your  computer.  Your  digital  voice  can  direct 
the  caller,  and  the  message  sent  to  you  can  be  stored  for  your  retrieval. 
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4.  a.  The  following  diagram  shows  how  the  communications  circuitry  of  a television  and  VCR  connection 
works. 


VCR  COLOUR  TV/MONITOR 

Cable  Wall  Plug  (Partial  back  panel)  (Partial  back  panel) 


b.  signal:  A laser  produces  a light  that  has  a pure  light  frequency  and  travels  in  a straight  line  without 
diverging  (spreading  out).  It  will  travel  down  the  inside  of  a glass  fibre  strand,  bouncing  off  the 
inside  walls.  The  light  does  not  exit  the  sides  of  the  fibre  but  curves  with  the  fibre  until  it  reaches 
the  end. 

sender:  The  encoder  converts  a digital  electrical  signal  to  digital  pulses  of  light  in  the  form  of  a laser 
light  beam.  This  is  aimed  into  one  end  of  the  glass  fibre. 

medium:  Fibre-optic  cable  is  made  up  of  very  pure  glass  strands  that  have  been  stretched  out  until 
they  are  about  the  thickness  of  a hair.  Each  strand  is  coated  with  a glass  cladding  that  reflects  any 
light  that  tries  to  leak  out  of  the  main  strand.  The  fibre  strands  are  packaged  in  a bundle  of 
protective  Kevlar  (high-strength  plastic)  strands  and  a plastic  cover.  Light  sent  through  a fibre  will 
travel  for  many  kilometres  before  the  signal  needs  to  be  re-amplified.  (This  is  much  longer  than  a 
signal  travelling  through  a copper  wire) . 

filter:  The  detector/repeater  re-amplifies  the  signal  in  stages  on  a long  cable.  The  device  receives  the 
light  signal,  amplifies  it,  then  re-sends  it  out  along  the  next  stretch  of  fibre-optic  cable.  The 
amplification  attempts  to  eliminate  any  noise  distortion  that  may  have  occurred  since  the  sender 
sent  the  signal. 

receiver:  The  decoder  converts  the  received  light  beam  back  into  a digital  electrical  signal. 

5.  Internet  telephony  means  making  real-time  telephone  calls  over  the  Internet.  Such  calls  require 

compatible  software  and  computer  modems.  WebPhone™  is  an  example  of  a program  that  lets  users  use 
the  Internet  as  a phone.  It  is  regarded  as  beneficial  because  of  the  low  cost  (free  after  the  Internet  service- 
provider  cost  has  been  taken  into  account.) 


Telephony  is  still  being  developed.  Delays  and  interference  still  plague  its  use,  but  it’s  improving  rapidly. 
Many  telephone-utility  companies  consider  Internet  telephony  as  a threat  to  their  present  billing  system. 
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Internet  telephony  can  be  combined  with  other  technologies  to  deliver  high-speed  faxes,  voice  e-mail, 
voice  messaging,  video  with  sound,  images  with  sound,  audio-video  presentations,  white  boarding,  and 
collaborative  computing.  The  future  of  telephony  may  include  voice  recognition  and  text-to-speech 
services  over  the  Internet. 

Videophones  (or  webvideos,  or  CU-SeeMe)  involve  live  video  being  transmitted  over  the  Internet.  High 
bandwidth  is  required  to  obtain  full-motion  video.  Often,  slow-scan  video  is  used.  Slow-scan  video  sends  a 
video  image  every  second  or  so.  This  reduces  the  bandwidth  but  produces  a jerking  image.  “CU-SeeMe”  is 
software  that  can  be  used  to  send  and  receive  slow-scan  video  between  two  sites  over  the  Internet. 

6.  How  is  virtual  reality  used  in  the  entertainment  sector,  military  world,  medical  profession,  stock  market, 
and  architectural  and  educational  areas?  Use  the  appropriate  software  to  demonstrate  one  or  more  of  the 
above  applications. 

Use  Virtual  Reality  Modelling  Language  (VRML)  to  animate  your  Internet  homepage. 

Download  a video  clip  and  play  it  on  a video  player  utility.  Record  the  source  and  the  size  of  the  clip. 
Describe  the  clip  and  the  quality  of  the  clip.  What  type  of  file  was  it,  and  what  utility  did  you  have  to  use  to 
play  it? 

Investigate  Internet  phone  (WebPhone™)  and  videophone  technology  and  how  they  work.  Demonstrate  or 
report  your  findings.  How  does  the  amount  of  bandwidth  available  affect  the  use  of  this  technology? 

7.  Given  that  an  applet  may  contain  an  arbitrary  code  that  is  downloaded  from  a remote,  autonomous  source, 
the  issues  of  safety,  security,  and  privacy  arise.  Such  applets  are  said  to  contain  foreign  code.  How  can 
users  be  assured  that  their  computers  are  not  compromised  in  any  way? 

Compare  and  contrast  computer  viruses  to  Java™  Internet  applets  for  Internet  browsers. 

Section  2: Activity  I 

1.  Possible  reasons  include  the  following: 

• People  did  not  have  a need  for  the  product. 

• The  product  was  too  expensive,  or  a competitor  had  a less  expensive  product. 

• Government  regulations  were  too  restrictive. 

• The  technology  was  inadequate. 

• The  marketing  was  poor. 

2.  Samuel  Morse:  William  Cooke  and  Charles  Wheatstone  patented  a telegraph  in  1845.  Their  telegraph  was 
more  expensive  and  harder  to  use  than  Morse’s. 

Alexander  Graham  Bell:  Both  Bell  and  Elisha  Gray  invented  the  telephone  at  about  the  same  time. 
However,  Bell  arrived  at  the  patent  office  a few  hours  before  Gray,  and  as  a result,  Bell  received  the  patent 
for  the  telephone. 

3.  Here  are  three  possible  answers: 

• Sound  Waves — Aboriginal  tribes  of  some  countries  use  drums  to  communicate  over  great  distances. 

• Light  Waves — The  Vatican  sends  a smoke  signal  up  the  chimney  as  a signal  to  the  people  that  a new 
Pope  has  been  chosen. 

• Sound  Waves  — A fog  horn  of  a ship  indicates  its  relative  location  to  other  ships  when  it  is  not 
visible  in  the  fog. 
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4.  Wireless  communication  includes  the  following  devices: 

• radio  • radar  detector 

• non-cable  TV  signal  • CB  radio 

• garage-door  opener  • walkie-talkies 

• pagers  • cell  phones 

5.  Electricity:  The  atoms  of  all  materials  are  made  up  of  a positively-charged  nucleus  surrounded  by 

negative  electrons.  By  changing  the  number  of  electrons,  materials  can  be  positively  or  negatively 
charged.  Like  charges  repel,  and  unlike  charges  attract.  The  movement  of  electrons  from  an  area  of 
high  negative  charge  to  an  area  of  positive  charge  is  electricity. 

Electric  Current:  An  electric  current  is  the  rate  of  the  flow  of  electrons  through  a conductor  of  electricity 
(such  as  metal  wire) . It  is  measured  in  amperes. 

Circuit:  An  electric  circuit  consists  of  a power  source  (such  as  a battery) , a conductor  (such  as  wires) , an 
electric  device  (load) , and  a control  device  (such  as  a switch) . 

Electromagnetism:  Electromagnetism  describes  the  relationship  between  electricity  and  magnetism.  An 
alternating  electric  current  produces  a changing  magnetic  field  around  the  wire.  This  changing 
magnetic  field  generates  electromagnetic  waves. 

6.  Direct  current  flows  in  one  direction  while  alternating  current  changes  direction,  usually  in  a quick 
repetitive  manner. 

7.  Some  benefits  of  wireless  technology  include  the  following: 

• being  able  to  communicate  with  people  in  remote  areas 

• being  able  to  communicate  over  large  bodies  of  water  using  ship-to-shore  communication 

• allowing  for  greater  freedoms,  flexibility,  and  movement 

• being  able  to  save  economically  since  cables  don’t  have  to  run  everywhere 

8.  Ship  owners  were  interested  because  communication  between  ships,  or  between  ships  and  shore,  was 
very  difficult.  Because  ship  owners  could  not  use  wires,  the  telephone  and  telegraph  were  not  useful.  The 
potential  for  wireless  communication  was  very  important  to  the  shipping  industry. 

9.  Marconi  was  dedicated  to  building  the  first  usable  wireless  communication  system. 

10.  The  Italian  government  refused  to  help  Marconi. 

11.  First,  his  father  first  gave  him  money  to  continue  his  experiments;  then,  Sir  William  Preece  of  England 
became  his  biggest  supporter,  both  financially  and  by  donating  time.  Later  on,  after  Marconi’s  successes 
in  Britain,  the  Italian  government,  who  had  refused  to  help  Marconi  previously,  decided  to  provide 
financial  backing  for  his  experiments. 

12.  The  following  are  three  occasions  when  Marconi  promoted  wireless  communication  technology: 

• On  May  13,  1897,  Marconi  sent  signals  across  the  Bristol  Channel.  These  experiments  caught  the 
public’s  attention.  This  is  when  the  Italian  government  had  a change  of  heart  and  invited  Marconi  to 
conduct  further  experiments. 

• In  September  1898,  Marconi  demonstrated  his  wireless  system  in  the  United  States.  At  the 
America’s  Cup  yacht  race,  a rumour  circulated  that  a yacht  had  gone  down.  Marconi  was  able  to 
wire  to  shore  letting  them  know  that  the  boat  was  safe.  He  also  reported  the  details  of  the  yacht 
race,  allowing  the  newspapers  to  print  stories  before  the  yachts  returned  to  shore. 
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• On  March  27,  1899,  he  sent  signals  across  the  English  Channel,  establishing  an  important 
psychological  link  between  England  and  the  Continent. 

13.  The  wavelength  of  a wave  is  determined  by  two  properties:  capacity  and  inductance.  Capacity  is  the 
ability  to  store  electrical  charge.  A circuit  receives  capacity  from  a condenser,  which  is  two  conductors 
separated  by  an  insulating  material.  The  size  of  the  condenser  determines  the  capacity.  Inductance  refers 
to  the  voltage  that  a given  current  produces  in  a nearby  circuit.  It  is  produced  by  using  a coil. 

A tuner  works  on  the  principle  that  a transmitter  and  receiver  must  have  the  same  capacity  and 
inductance  to  work.  So,  if  condensers  of  the  same  size  are  installed  on  both  the  transmitter  and  receiver, 
then  the  transmitter  will  send  a certain  frequency  that  the  receiver  will  pick  up. 

14.  The  company  filed  a lawsuit  claiming  that  they  owned  the  rights  to  the  telegraph  business  in 
Newfoundland.  Thus,  they  claimed  that  if  Marconi  was  sending  signals  to  North  America,  he  was  entering 
into  their  area. 

Section  2:  Activity  2 

1.  This  technology  would  satisfy  the  need  of  society  to 

• increase  the  bandwidth  so  more  information  could  be  sent  by  speaking  than  by  using  Morse  code 

• be  cost  effective  since  no  Morse  code  operator  and  no  wires  were  needed,  and  more  people  could 
receive  information  at  once 

2.  Valdemar  Poulsen  created  the  Poulsen  generator,  which  created  a continuous  wave  using  an  arc  lamp. 
However,  Ernst  Alexanderson’s  alternator  was  more  reliable  than  Poulsen’s  was. 

3.  Fessenden  read  the  Christmas  story  from  the  Bible,  played  music  on  the  phonograph,  and  played  “0,  Holy 
Night”  on  his  violin.  Then  he  wished  everyone  a Merry  Christmas! 

4.  The  diode,  which  means  two  electrodes,  was  a glass  tube  that  operated  similarly  to  a light  bulb.  The 
difference,  however,  was  that  the  diode  had  a hollow  metal  cylinder  placed  around  the  filament  inside  the 
glass  tube.  Diodes  are  one-way  valves  that  permit  electricity  to  flow  in  one  direction  only,  like  a switch. 
They  would  detect  the  AM  wave  and  filter  out  the  negatively  charged  part  of  the  wave  allowing  only  the 
positively  charged  part  of  the  wave  to  pass  through. 

5.  The  triode  was  able  to  increase  the  strength  of  radio  signals  for  two  reasons.  First,  the  triode  contained  a 
vacuum,  which  reduced  the  noise  because  no  air  could  interfere.  Second,  the  grid  between  the  anode  and 
the  cathode  increased  the  positive  or  negative  charge,  which  increased  the  strength  of  the  signal  received. 

6.  Lee  De  Forest  claimed  that  he  actually  invented  regeneration,  because  he  invented  the  triode.  A lengthy 
legal  battle  followed,  as  both  men  realized  that  the  patent  would  be  worth  a lot  of  money.  In  the  end, 

De  Forest  was  awarded  the  patent,  but  most  people  still  consider  Armstrong  to  be  the  inventor. 

7.  FM  is  better  quality  than  AM  because  frequency,  not  amplitude,  is  changed.  Many  things  can  change  the 
amplitude  of  a signal,  such  as  static  electricity  or  running  motors.  This  adds  noise  to  an  AM  signal  and,  as 
a result,  it  is  not  as  clear  as  an  FM  signal. 

8.  High-fidelity  (or  hi-fi)  radio  listening  was  only  possible  on  FM  radio  because  FM  had  a higher  bandwidth. 
Because  hi-fi  recordings  were  made  with  two  different  encoded  channels,  higher  bandwidth  was  required. 
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Section  2:  Activity  3 

1.  The  technology  to  transmit  and  receive  waves  that  would  carry  colour  was  more  complicated  to  develop. 

2.  As  in  all  communication  devices,  the  photophone  had  a sender,  a receiver,  and  a medium  in  which  the 
signal  travelled.  The  photophone  used  a microphone  with  a mirror  inside.  As  you  spoke  into  the  device, 
your  sound  waves  would  vibrate  the  mirror.  A light  source  was  beamed  onto  the  mirror.  The  vibrating 
mirrors  modulated  the  light  waves  and  reflected  them  in  a straight  line  to  another  receiving  mirror.  The 
signal  was  decoded  by  reflecting  the  signal  into  selenium.  The  receiver  used  the  selenium  to  convert  the 
light  waves  into  electrical  impulses,  which  activated  a speaker. 

3.  Lasers  are  used  to  measure  distances  to  various  objects  like  the  moon  or  a bridge  deck.  Police  use  lasers 
for  catching  speeders  because  lasers  are  more  accurate  than  radar.  Lasers  are  also  used  to  scan  bar  codes 
at  stores,  for  fibre-optic  communication,  and  for  medical  operations. 

4.  Zworykin  is  credited  with  developing  the  first  truly  successful  television  pickup  device,  known  as  the 
iconoscope,  in  1923. 

5.  The  television  was,  and  still  is,  used  for  a variety  of  purposes,  such  as  the  following: 

• to  inform 

• to  educate 

• to  persuade  others 

• to  entertain 

6.  The  following  are  examples  of  technologies  created  during  wars  or  by  military  that  are  used  today  by 
civilians: 

• Atomic  energy  is  used  to  generate  electricity  to  power  cities. 

• Using  the  Internet,  designed  by  the  military  in  the  1960s  during  the  Cold  War,  was  a way  of 
maintaining  communication  with  the  military  leaders  in  the  event  of  a nuclear  attack.  It  is  now  used 
around  the  world  for  communicating  and  sharing  information. 

• Jet  aircraft  technology  for  fighter  planes  is  now  used  in  commercial  airliners. 

7.  The  formula  is  d = vt. 

The  distance  to  the  object  ( d)  is  equal  to  the  velocity  ( v ) times  the  time  used  ( t ).  The  velocity  is  the  speed 
of  light.  The  time  used  is  based  on  the  time  it  took  to  send  the  signal  and  have  it  return  to  the  starting 
point. 

8.  Some  examples  of  how  satellites  are  used  include  the  following: 

• monitoring  environmental  changes 

• mapping  the  ocean  floor 

• finding  geological  fault  lines 

• searching  for  ancient  cities 

• guiding  ships  in  a busy  harbour 
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Section  2:Activity  4 


Binary  Ec 

luivalents 

Decimal 

Binary 

0 

0 

1 

1 

2 

10  1 

3 

11 

4 

100 

5 

101  ! 

6 

110 

7 

in  ! 

8 

1000  j 

9 

1001 

10 

1010 

2.  Other  one-way  digital  system  applications  might  include  locating  buses,  locating  staff  in  the  hospital, 
locating  aircraft,  locating  guards  in  a prison,  locating  expectant  fathers,  and  so  on. 

3.  New  etiquette  involves  the  following: 

• using  the  vibrating  rather  than  tones  mode  on  the  pager  when  you  are  planning  to  be  in  a public 
place 

• turning  off  your  phone  in  a public  place 

• quickly  moving  to  a secluded  spot  to  answer  a call,  or  at  least  being  quiet  when  talking 

• if  driving,  stopping  your  car  before  dialling  a call  or  pulling  off  the  road  when  a call  is  in  progress 

The  most  important  thing  is  to  be  aware  that  you  may  be  disturbing  others  and  be  prepared  to  move 
somewhere  else.  You  may  also  be  a hazard  on  the  road  if  you  are  driving. 

4.  If  a company  has  people  working  in  different  locations,  it  can  save  money  by  reducing  travel  expenses.  Or, 
if  it  needs  to  consult  with  experts  or  specialists,  such  as  surgeons  or  car  manufacturers,  that  are 
demonstrating  processes,  having  both  audio  and  video  may  be  worthwhile. 

5.  Videos  and  videoconferencing  both  have  audio  and  video  components.  Videos  have  the  advantage  that 
they  are  not  “live;”  so  scripting,  rehearsing,  and  redoing  are  all  possible.  The  viewer  has  a permanent  copy 
that  can  be  reviewed  any  time.  But  videos  take  time  to  develop  and  can  be  costly  to  produce. 

Videoconferencing  has  the  distinct  advantage  of  being  interactive.  This  means  that  the  participants  can 
have  a conversation  with  all  the  participants. 

6.  When  following  a suspected  stolen  vehicle,  the  police  officer  can  enter  the  licence  plate  number  into  the 
on-board  computer.  The  information  requested  by  the  police  officer  is  transmitted  to  the  local  police 
station’s  computer  using  radio  waves.  The  computer  at  headquarters  deals  with  the  request  and  sends  a 
response  to  the  car  that  the  vehicle  is  or  isn’t  reported  as  stolen. 
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7.  Professions  that  would  use  this  technology  include  the  following: 

• engineers  out  in  the  oil  field  collecting  readings  and  e-mailing  them  to  the  main  database 

• surveyors  working  on  location  wanting  to  get  more  information  or  provide  information  to  the  head 
office 

• salespeople  who  are  with  clients  all  day  and  need  to  check  existing  inventories  when  taking  a client’s 
order 

• insurance  agents  who  are  at  people’s  homes  and  need  access  to  accurate  costing  data  based  on 
individual  situations 

Section  2:  Activity  5 

1.  One  main  problem  is  the  availability  of  frequencies  on  the  spectrum.  The  spectrum  has  become  crowded. 
Another  is  the  number  of  satellites  in  orbit — only  so  many  will  fit  in  our  atmosphere.  Also,  satellites  are 
very  expensive  and  have  a relatively  short  life  span  of  five  to  ten  years.  New  technologies  will  be  needed  to 
solve  these  problems  in  order  to  maximize  the  use  of  the  spectrum  and  bandwidth. 

2.  Hospitals  ask  you  to  turn  off  phones  as  the  signals  may  interfere  with  computer-control  systems  of  some 
equipment.  Many  factories  where  robotics  are  at  work  also  cannot  allow  cellular  signals. 

Section  2:  Follow-up  Activities 
Extra  Help 

1.  The  five  main  components  of  an  effective  telecommunication  infrastructure  are  as  follows: 

• resources 

• regulations 

• needs 

• people 

• technology 

2.  Electromagnetic  waves,  or  light  waves,  are  now  used  to  transmit  messages. 

3.  Marconi  made  the  following  technological  improvements: 

The  transmission  of  signals  was  improved  by  increasing  the  strength  of  the  signal.  The  Leyden  jar  was 
replaced  with  a capacitor.  The  capacitor  stored  the  charge  better.  Copper  plates  were  added  to  better 
direct  the  waves  toward  the  receiver  and  to  create  a larger  discharge  across  the  spark  gap  for  a stronger 
signal. 

The  ability  to  receive  wireless  transmissions  was  improved.  The  copper  plates  were  replaced  by  the 
coherer  to  increase  the  detectability  of  waves.  The  coherer  was  improved  by  making  the  filings  95%  nickel 
and  5%  silver;  creating  a vacuum  in  the  tube  by  extracting  the  air,  which  reduced  the  interference  on  the 
receiving  signal  by  air  particles;  and  creating  a device  to  tap  the  filings  loose  after  the  electromagnetic 
waves  ceased.  The  ground  antenna  was  invented.  This  device  had  two  plates  on  each  end,  with  one  being 
buried  in  the  ground.  The  antenna  acted  as  a filter  by  improving  the  wave  signal  detection.  Marconi  also 
found  that  adjusting  the  height  of  the  antenna  allowed  the  waves  to  be  picked  up  at  greater  distances.  The 
waves  also  were  less  affected  by  hills  as  the  larger  transmitting  and  receiving  antennas  created  a longer 
wave.  Reflectors  and  directors  were  used  to  direct  the  transmission  of  waves  from  360°  to  about  35° . 
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4.  The  development  of  radio  technology  allowed  voice  messages  to  be  transmitted. 

5.  In  AM  radio,  the  amplitude  of  electromagnetic  waves  is  modulated  by  either  increasing  or  decreasing  it. 

In  FM,  the  frequency  of  electromagnetic  waves  is  modulated. 

6.  RCA  knew  that  those  involved  in  the  development  of  television  would  stand  to  gain  much  in  terms  of 
recognition  and  financial  success.  RCA  already  had  a monopoly  of  the  wireless  waves  with  radio 
development;  it  hoped  to  maintain  this  monopoly  now  that  television  was  being  developed.  RCA  sent 
Zworykin  to  work  with  Farnsworth  to  gain  more  knowledge  of  Farnsworth’s  development.  Then,  RCA 
used  this  knowledge  and  the  legal  system  to  monopolize  the  industry.  RCA  took  Farnsworth  to  court 
claiming  he  violated  their  patents. 

7.  Satellites  have  created  opportunities  for  building  a global  telecommunications  system.  They  have  made 
the  world-wide  transmission  of  video,  audio,  and  data  possible. 

8.  Digital  communication  has  expanded  the  capacity  of  wireless  communication  by  allowing  for  more 
precision. 

9.  a.  Unlike  amplitude  modulation  (AM)  and  frequency  modulation  (FM),  pulse  code  modulation  (PCM)  is 

based  on  binary  numbers  (0  and  1)  rather  than  a wave.  In  PCM,  a signal  is  converted  from  its  original 
analog  wave  form  to  a binary  representation  that  is  then  transmitted  and/or  stored  in  a digital  form  in 
a computer  or  a compact  disc.  Then,  this  binary  signal  is  converted  back  to  the  original  analog  wave 
form  at  the  receiver,  since  our  ears  respond  to  analog  waves. 

PCM  can  be  looked  at  in  another  way: 

• Transmitter:  First,  the  signal  is  sampled,  at  an  appropriate  interval,  usually  at  least  twice  the 
frequency  of  the  signal.  Next,  each  sampled  amplitude  is  rounded  to  the  nearest  whole  number 
and  translated  to  its  binary  equivalent. 

• Transmission:  Now,  the  signal  is  transmitted  as  a sequence  of  three  pulses  or  “bits,”  with  a 1 
being  an  on  pulse,  and  a 0 being  an  off  pulse. 

• Receiver:  Finally,  the  receiver  converts  the  binary  codes  back  to  the  correct  amplitude  and 
rebuilds  the  signal.  The  amazing  thing  is  that  digital  signals  needs  much  less  space  or 
bandwidth,  again  improving  throughput  and  saving  storage  space. 

b.  There  is  less  noise  because  you  transmit  using  “on”  or  “off’  states,  not  varying  the  amplitudes.  The 
signal  can  be  regenerated  along  the  way  so  it  can  be  transmitted  further  than  analog. 

10.  a.  Examples  of  one-way  digital  communication  are  as  follows: 

• radio 

• non-cable  TV  signal 

• garage-door  opener 

• pagers 

• radar  detector 

(Note  that  some  of  these  may  also  use  analog  technology.) 
b.  Examples  of  two-way  digital  communication  are  as  follows: 

• CB  radio 

• walkie-talkies 

• cellular  phones 

(Note  that  these  devices  may  also  use  analog  technology.) 
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11.  The  three  types  of  conferencing  are  teleconferencing,  videoconferencing,  and  computer  conferencing. 

Enrichment 

1.  The  light  spectrum  colours  are  red,  orange,  yellow,  green,  blue,  indigo,  and  violet  (ROYGBIY). 

2.  Edouard  Branly  created  a device  that  made  it  easier  to  detect  electromagnetic  waves.  The  device  was 
called  the  Branly  Coherer  and  was  later  improved  by  Sir  Oliver  Lodge.  The  Branly  Coherer  was  basically 
a glass  tube  like  a thermometer,  fdled  with  metal  filings,  and  a wire  going  through  both  ends.  The  wires 
were  attached  to  the  electric  circuit.  When  an  electromagnetic  wave  struck  the  tube,  the  filings  stuck 
together  (cohered)  and  completed  the  electric  circuit  between  the  wires.  This  circuit  was  often  connected 
to  a buzzer  or  bell  so  that  the  waves  were  easy  to  detect. 

3.  Turn  on  a flashlight  in  a dark  room  and  shine  it  against  the  wall.  The  concentrated  area  of  light  could  be 
called  a light-wave  footprint.  Similarly,  a beam  of  waves  transmitted  from  a satellite  forming  a wide, 
circular,  invisible  pattern  on  Earth  is  called  a footprint.  So  that  other  countries  don’t  receive  the  signal, 
the  wave  is  electronically  fitted  to  be  directed  to  just  that  country’s  footprint  or  area.  This  would  have  the 
same  effect  as  covering  half  of  the  flashlight  with  your  hand,  reshaping  the  light  wave  footprint  on  the 
wall. 

4.  Communication  technology  allows  information  to  now  be  transferred  quickly,  easily,  and  cheaply.  As  a 
result,  many  people  can  work  at  home  or  locations  other  than  the  usual  office.  With  the  help  of  powerful 
personal  computers,  modems,  fax  machines,  laptop  computers,  and  cellular  phones,  many  people  are 
choosing  to  telecommute  rather  than  go  to  the  office.  Some  telecommuters  work  from  mobile 
workstations,  fully  equipped  to  meet  their  needs. 

5.  The  bar  code  is  the  striped  code  you  see  on  most  products.  Each  product  has  its  own  unique  pattern  of 
stripes.  A computer  is  programmed  to  create  and  to  read  these  bar  codes. 

In  a grocery  store,  for  example,  the  cashier  passes  the  code  over  a window.  A laser  scanner  under  the 
window  “reads”  light/no  light  from  the  stripes.  The  information  is  sent  to  the  computer  that  locates  the 
price  of  the  product  in  its  memory.  The  computer  sends  that  data  to  the  cash  register. 

An  advantage  of  such  a system  is  that  there  is  less  chance  of  pricing  error,  and  price  tags  are  not  needed 
on  each  item.  When  prices  change,  individual  price  tags  do  not  have  to  be  changed. 

Another  advantage  is  that  the  computer  can  write  the  product  code  number  in  a file  that  keeps  track  of 
how  many  of  that  product  have  been  sold.  Doing  inventory  counts  electronically  is  far  more  efficient  than 
the  traditional  manual  method.  Counting  merchandise  manually  is  an  expensive,  time-consuming 
alternative. 

6.  Did  you  have  any  success  in  finding  information  on  ultrasound  imaging?  Try  finding  information  about 
3-D  ultrasound  images. 
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